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Fuzes, РО, M40, M48A1, M48A2 and МК1А4; TSQ, 
M54 and М55А3; MT, M43A5; and СР, M78 
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( SECTIGN I 
GENERAL 

Paragraph 
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1. Purpose. The purpose of this number oi the ца аЗ5оок is to furnish a concise collection of infor- 
mation regarding tha shape, dynamics, belliscics and eects of the 76-mm High Explosive Shell M42A1 with 
the Point Detonating Fuzes M48, M48A1, M48A2 and М51А4; the Time end Superquick Fuze M94; Ше Ме: 
chanical Time Fuze M43A5; and the Concrete Piercing Гизе M79. This information is collected from the 
drawings, reports, firing tables, and technical manuals pertaining to this ammunition. 
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BALLISTIC AND ENGINEERING DATA 


DIMENSIONS IN CALIBERS 
| CAL z 3.000" 


SHELL, HE, 76~MM, М42А! 
FUZE, PD, M48, M48AI, M48A2 OR M5IA4; 
T SQ, M54, OR МТ, М45А5 


2.86 


SHELL, HE, 75- MM, M42AI 
FUZE, CP, M78 
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FOR SHELL, НЕ, 76-ММ, M42A1 


Shell, M42A1: Metal parts assembly and details 
Shell, M42B1: Metal parts assembly and details 
Shell, M42B2: Metal parts assembly and details 
Booster, M20A1: Assembly and details 


Booster, M21A4: Assembly 


Fuze, PD, M48, M48A1 and M48A2: Assembly 


Fuze, PD, М51А4: Assembly 
Fuze, TSQ, M54: Assembly 


Fuze, MT, M43A5: Assembly and details 


Fuze, CP, M78: Assembly and details 


SECTION П 
DESCRIPTION 
Drawings = -----------------.--------.---.-.-.-.-.-.-.-.-.- 
Dimensions ---------4------------.-.--.-.-.-..-.-..-.-.-.- 
Physical ^haracteristics = - = - - - --------------.-.-.-..--.-.- 
2. Drawings. 


45-18-33 
75-18-37 
75-18-38 
73-2-112 
73-2-154 
73-2-140 
73-2-145 
73-3-154 
73-7-9 

73-2-4 
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Note: The МТ, PD, and TSQ Fuzes require one of the boosters; but the CP Fuze contains their work- 


3. Dimensions. 


Band: Width 
Distance from base 


Cylindrical body: Length 


Ogive: Length 
Radius of arc 


Shell, unfuzed: Length 


Fuze, PD, TSQ or MT: 
Outside length 
Shell and fuze 
Ogive and fuze 


Fuze, CP: Outside length 
Radius of ogival arc 
Shell and fuze 
Ogive and fuze 


0.34 cal 
0.40 cal 


1.92 cal 


0.87 cal 
7.00 cal 


2.80 cal 


1.25 cal 
4.04 cal 
2.12 cai 


0.86 cal 
2.67 cal 
3.68 cal 
1.76 cal 


ing parts. The TSQ Fuze М54 and the Booster M21A4 are components of the TSQ Fuze M55A3, dwg 73-3-155. 
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4. Physical characteristics. Tho weight, 1осаНоп of center of gravity, and moments of inertia of the 
HE Shell M42A1 with any of the PD, TSA or MT Fuzes are apprcximately the same as those of the HE Shell 
M42 with the MT Fuze M43A2. The physical characteristics of the HE Shell М42А1 with the CP Fuze is ap- 


proximate:; the same as those of the HE Skell M42B2 with the inert Fuze T105 Туре 8. 
Shell M42 M4282 
Fuze M43A2 7105 Type 6 
Mean weight: Marking M (Standard) 1b 12.80 13.14 
Marking Ë EB 1b 13.00 13.34 
магле ЮЙЮ EN EN lb 13.20 13.94 
Base іс center f gravity cal 2 1,540 1.546 
Axial moment of iner ta Ib. ft, 0.1105 0.1098 
Transverse momert э: ‘nertia ib.ft 0.8092 0.8106 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Stresses - - ------------------------------ 5 
Theoretical yaw іп Боге = - --------------------..-- 6 


5. Stresses. The following table and the graphical representation on page 5 show the longitudinal, 
radial and tangential resultant stresses at each of three sections: (A) the rear corner of the band seat, 
(B) the front of the band seat, and (C) immediately behind the bourrelet. 


Gun 76-mm M1A2 
Twist of rifling 1/32 
Cross-sectional area of bore 7.2176 за in. 
Rated maximum pressure 43,000 psi 
T'otal weight of projectile 12,80 lb 
Muzzle Velccity 2,700 fps 
Density of filler (TNT) 0,057 1b per ct in. 

Resultant Stress* Section 

100 psi A B C 

Longitudinal - 274 -736 -355 

Radial + 630 + 87 + 59 

Tangential -1086 +480 +212 

ж + denotes tension,  - denotes; compression 
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SECTION 
A B G 
+630 -1086 
+87 +59 
-274-—/ کلت‎ -388 wd 
+ # 
+2? 
+480 


LONGITUDINAL , 


AXES OF RESULTANT STRESS 


DIAGRAM OF RESULTANT STRESSES 


on 
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6. Theoretical yaw in Бога. 


Minimum 7 min 
Maximum 12 min 
SECTION IV 


EXTERIOR BALLISTIC DATA 


Paragraph 
Aerodynamic data - - - + - - - - - - - -- ~ -- - "+ + - ~ - - - - - 7 
Firing table data = = = -- - < < - - = = = = = = < = = = <= = = - - + = + 8 


7. Aerodynamic data. The aerodynamic daca obtained with any of the PD, TSQ and MT Fuzes аге 
applicat le to all of them. The aerodynamic data obtained with the inert Fuze T105 Type 6 are applicable 
to the CP Fuze M78. The furm factor given in this paragraph for the PD Fuze M48 was determined from 
resistance and range firings of the HE Sheil M42 with the PD Fuze M48 and the MT Fuze M43A2. BRL Re- 
port No, 30, ‘Stability Factors of Projectiles" (Rev. Sep 1940) gives the stability factors and moment coef- 
ficients tnat were determined for the HE Shell M42 with the MT Fuze M43. BRL Report No. 298, "Stability 
and Resistance of 3-inch HE Snell М42А1 with PD Fuze T105 Type 6", gives the form factor and stability 
factor that were obtained in developing the CP Fuze. BRL Report No. 408, "Loss of Spin and Skin Friction 
Drag of Projectiles", gives tne axial couple coefficient cbtained from firings of the HE Shell M42 with a 
radio spin sonde in a dummy fuze having the same shape as the MT Fuze М4ЗА2. 


а. Drag. 

Shell M42 М42А1 
Fuze M48 T105 Type 8 
Drag function Ce Ge 

Muzzle Velocity fps 2,700 2,880 

Form factor 1.04 1.37 
Ballistic coefficient 1.368 1.066 

Drag coefficient, Kp 0.123 0.163 

b. Stability. 

Shell M42 M42A1 
Fuze M43 T105 Type 6 
Muzzle Velocity fps 2800 2600 

Mach number 2.50 2.39 
Moment coefficient, KM 0.991 0.794 

Twist of rifling 1/32 1/40 1/32 1/40 
Stability factor 2.03 1.30 2.45 1.57 


< Е о а T i 4 ба, ый 
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с. Axial couple. 


Shell M42 
Fuze Radio sonde 
Average velocity 1800 fps 
Reynolds’ number (based on 2.75 x 108 

avg vel. and caiiber) ° 
Ажа! couple coefficient, К А 0.00585 
Surface (withcut Базе) 96.5 sq in 
Skin friction drag Рив. 0.00218 

DF 


8. Firing table data. FT 76-С-1 


FT 76-A-6 (Range-elevadon tables and Aiming Data charts). 

Gun, 76-mm, M1A2 on Medium Tank M4 or Gun Motor Carriage M18. 

Twist of rifling: 1/32. 

OCM item 18656 standardized the HE Shell M42A1 for the 76-mm Gun Ml. ОСМ item 25455 authoriz 23 


the use of a reduced charge to give a muzzle velocity of approximately 1550 fps; the normal charge gives ebcut 
2700 fps. Tne 76-mm Guns М1 and М1А1, whose twist of rifling is 1/40, are now obsolete, FT 3-W-1 gives 
data for the 3-inch Gun М5, whose twist of rifling is 1/40, firing the HE Shell M42A1 at muzzle velocities of 
1550 and 2800 fps. 
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b. BALLISTIC COEFFICIENT – ELEVATION CURVES 
(PROJ TYPE 6) 
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FOR SHELL, НЕ, 76.ММ. М42А! ` BRLH 76-1-42 
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SECTION V 
EFFECT DATA 
Paragraph 
Fragmentation = + ------------.--.............- 9 
Effectiveness ~ - ----------..--.....-.-........- 19 
Ricochet data - -------------.-.-..-....-.......- 1 
Penetration = ~ =- + + 5 5 5 5 + + ~ 5 5 5 - -- --- -------- 12 


9. Fragmentation. The до а on fragmentation of the 76-mm HE Shell M42A1 were taken from 
TM9-1907, "Ballistic Data, Performance of Ammunition" (Sep 1944) and Vol, TIT of "Terminal Ballistic Data" 
(Sep 1945). The initial fragment velor’ * is 2,260 fps. 


&. Casualties. 


TABLE 40 
CASUALTIES 
Average For the lightest 
Distance Total number number of effective fragment 

trom burst of effective effective frag- Weight Velocity 

(ft) fragments meris per sq ft (oz) dps) 
r N B m Y 

20 547 0,109 9.028 1510 
30 498 0.0440 0.033 1340 
40 465 0,0231 0.040 1220 
60 409 0.0090 0.955 1040 
80 370 0.0046 0.067 943 
100 331 0.0026 9.080 862 
150 282 0.0010 9.108 742 
200 244 0.0005 0.19? 860 
300 191 0.0002 6.197 549 
400 149 0.0001 0.275 466 
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CASUALTIES 


GROUND ° 
INCLINATION 0° 


HEIGHT OF BURST ОРТ 
REMAINING VELOCITY O FPS 


Е қ LINE ОҒ 


30% 


ATLEASTIHIT INCLINATION 30° 

PER 4SQFT 

AT LEAST IHIT HEIGHT OF BURST OFT 

PER IOSQFT REMAINING VELOCITY 815 FPS 


22 


FOR SHELL, НЕ, 76-ММ, M42AI BRLH 76-1-42 
9 


CASUALTIES 
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EXPECTED CASUALTIES: 50% ОЕ PERSONNEL ` 
GUN, 3-INCH, MS. SHELL, НЕ, 3-INCH, M42AI 


Г: —_ 


ЕЕ W: . с ОЕ FRINGE AROUND TARGET AREA 1 TO BE INCLUDED ` 
iN FIRE AREA 


309 + ЕЕЕ ЕЕЕ corr ДЕЛЕ ЕРНИ Бани: 
O HH EEEHELEFEEEREEREES НЕЕ [ГЕ AIR BURSTS AT OPTIMUM MEAN HEIGHT 
NNNM ЕНЕНЕНШЕЕ ни 


SUPERGUICK ГГ Ws MEAN HEIGHT OF BURST + ЮЕТ 


GROUND BURSTS ЕАН NORMAL CRANE мезон 
NO SHIELDING-Ws48FT [LI ЕЕЕ | 
ең ӘННЕН 
ГЕТТО ЕТУ HH 
АН 


НЕЕ BRE 

anr ERE НН 

НИН HH ши ща 
EEE EHH июшияшиш БАНАНЕ У ааа а 
ТРЕ "ТИШЕ ЕН шкан аткан 
АУС ЕСЕ 
FEE ЕЕЕ ТЕС 11 

T He ДЦ SERER = 

sms... 


PEE CHET HTH AN 43222415: É 
puc В 


ЈЕ 


REB 4 4-4 


КЕЗЕН + -- Ge 


ELE 

UIL reer eet T 

| Hu iE 
+4 ЕН 


Lr 
MNRREER LLTTLLLLH шанк юн 7 
"ЕМУ sss НН НЕН жа 
09 9 ЕН ГТ] 
HHHH 
Mere " 
НА ишиинининиянинининнин 
524 ГЕНІН pr 
ЕГЕР ЕРЕ ЕЕЕ КЕГЕ 
LHL EEE 
НЕРЕНЕННЕНЕНЕНЕЫ EEE EH EE 
БЕНЕН инннинннннннинининнннннини 
0 4000 8000 12000 16000 


24 


E м rr ETE A EL ііі жі ta a Йылан їй лык Засад S лы о о ТЕ s Ty ЖАЙЫ. 
ыы ы абс C C C dE AST ағыны de ob - 


FOR SHELL, HE, 76-MM, М42А1 


b. Perforation of 1/8-inch Mild Steel. 


Distance 
from burst 


(ft) 
r 
20 
30 
40 
60 
80 
100 
130 
160 
190 


Zins ORATION OF 1/8 IN. MILD STEEL 


Total number 
of effective 
fragments 


TAELE 41 


Average 
number of 


effective frag- 
ments per sq ft 


B 
0.0565 
0.0214 
0.0102 
0.0033 
0.0014 
0.0007 
0.0003 
0.0001 
0.0001 
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For the lightest 


effective fragment 


Weight Velocity 
(oz) (fps) 
m у 
0.106 1,880 
0.139 1,740 
0.177 1,800 
0.270 1,400 
0.375 1,270 
0.480 1,180 
0.648 1,080 
0.825 1,020 
‚ 1.01 963 
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PERFORATION Л /8-INCH MILD STEEL 


INCLINATION 0° 
HEIGHT OF BURST OFT 
REMAINING VELOCITY OFPS 


LINE GF 
FIRE 


ATLEASTIHIT INCLINATION 30° 
т HE!GHT OF BURST OFT 
MAS не 
PERIO SQ FT REMAINING VELOCITY 815 FPS 
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PERFORATION OF |/8-INCH MILD STEEL 


GROUND ° 


INCLINATION 30° 
HEIGHT OF BURST ЗОЕТ 
REMAINING VELOCIT Y 815 FPS 


x |!!! АТ Та ІНІТ РЕК Ю SQ FT 


А AT LEAST | HIT PER 25 SQ FT 


UNS. 
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10. ziiectiveness. The following data were taken from Vol, Ш of "Tsrminal Ballistic Data". They 
pertain to the 76-mm HE Shell М42А with a PD, TSQ or МТ Fuze, fired at a muzzle velocity of 2,700 fps. 


NUMBER OF ROUNDS REQUIS ED AGAINET ENEMY ARTILLERY FOR 90% 
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE 


Range Type of Tire 

yd Impact „Че. Time and Impact 
20 6 270 13 

5600 55 180 87 


11. Ricochet Data. The following data were Laken from Vol. Ш of "Terminal Ballistic Data", They 
pertain to the 7C-mm HE Shell M42A1 with the PD Fuze M48 set for 0.05 sec delay, fired at а muzzle ve- 
locity cf 2,700 fps (the PL’ Fuzes M48A1, M48A2 and M5144 have 0.15 sec delay). 


TABLE 75 


PE in 
Range Angle of Angle of Impact Height Height 
Fall Recovery to Burst of Burst of Burst 


ya mils mils yd ft ft 
1,000 8 20 40 3 0 
2,000 20 35 33 4 1 
3,000 38 60 26 5 1 
4,000 65 100 21 6 1 
5,000 106 150 18 7 1 
6,000 163 210 12 7 2 
7,000 233 260 9 7 2 
8,000 315 300 6 6 1 
9.090 407 815 4 4 1 


12. Penetration. The дса on penetration of concrete by the HE Shell M42B1 with the CP Fuze M78 
were taken from. TM9-1907, "Ballistic Data, Performance of Ammunition”. The data on penetration into 
medium earth and logs by the HE Snell M42A1 with the DP or CP Fuze were taken from Vol. III of "Termi- 
nal Ballistic Data". 
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Ballistic Research Laboratories Sallistic Research Lab. 
Handbook ot Ballistic and Aberdeen Proving Ground, 
Engineering Data for , mmunition, Maryland. 

No. 76-1-62. 3 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 
Projectile, APC, 76-mm (3-inch), M62A1 
with 
Fuze, BD, M66A1 


Section. Paragraph 

I General --------------- 1 

H Description ----------- 2-4 

ш Interior ballistic data--- 5 

N Exterior ballistic data -- 6-7 

У ЕНес data ------------ 8 
SECTION I 
GENERAL 

Paragraph 
Purpose = - - - - - - ~ - ete ----------------- - - 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics, and effects of the 76-mm (3-inch) Armor-piercing Capped 
Projectile M62A1 with the Base Detonating Fuze M66A1, which contains a tracer composition. This infor- 
mation is collected from the drawings, reports, firing tables, and technical manuals pertaining to this am- 


munition. 
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FOR PROJECTLE, АРС, 76.MM, M62A1 BRLH 76.1.62 
2-4 
SECTION П 
DESCRIPTION 
Paragraph 
Drawings - - -------------------.-...-....-.-- 2 
Dimensions = = - -------------------.......-.-- 3 
Physical characteristics = = = ~ - - - - - + - - - - - - - - - - - - - - 4 
2. Drawings. 
Projectile: Metal parts assembly and details 75-2-292 
Fuze: Assembly 73-2-178 
Details 73-2-179 
Details 73-2-180 
3. Dimensions. 
Fuze: Length (outside) 0.42 cal 
Band: Distance from base 0.274 cal 
Width 0.346 cal 
Body: Cylindrical length 1.82 cal 
Ogival length (outside) 0.25 cal 
Radius of ogival arc 1.273 cal 
Cap: Length (outside) 0.40 cal 
Radius of ogival arc 7.00 cal 
Windshield: Length 1.92 cal 
Radius of ogival arc 7,00 cal 
Length: Ogive 2.57 cal 
Projectile without fuze 4.39 cal 
Projectile and fuze 4.81 cal 


4. Physical characteristics. 


Weirht (standard) 15.40 lb 
Base of projectile to center of gravity 1.404 cal 
Axial moment of inertia 16.97 1b. in. 
Transverse moment of inertia 104.8 lb. іп,2 


НА УРА 


BRLH 76-1-62 
5-6 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Theoretical yaw in bore - - - - - - ~ = - - - - = = = - - - - - - - - - 5 
5. Theoretical yaw in bore. 
Minimum 8 min 
Maximum 13 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Я Paragraph 
Aerodynamic data < = - - - - - - - - - - - - ~ ~ -- - - - - - - - - - - 6 
Firing table data - + - - - - - + = = -- = = = = - —- - - - = - - - - - 7 


6. Aerodynamic data. 
а. Drag. The following results were obtained from resistance firings. 


Muzzle Drag Form ` Ballistic Drag 
Velocity Function Factor Coefficient Сое, 
fps i С Kp 
2000 G 1.052 1.627 0.157 
2600 Gg 1.052 1.627 0.129 


BALLISTIC AND ENGINEERING DATA 


b. Stability. Ballistic Research Laboratory Report No. 427, "Stability of 3-inch Armor -piercing 
Projectiles", gives the results obtained from stability firings of the 3-inch APC Projectile M62 with BD 
Fuze M68A1 from the 3-inch Antitank Gun M5, whose twist of rifling is 1/40. The 76-mm Tank Gun M1A2 


has a twist of rifling of 1/32. 


Muzzle Moment 
Velocity Coefficient 
fps Км 
1600 1.48 
2600 1.41 


Stability Factor 


Twist of Rifling 


1/40 1/32 
1.09 1.70 
1.14 1.78 
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FOR PROJECTILE, АРС, 76-MM, M62A1 BRLH а 


7. Firing table data, 


Gun 76-mm M1A2 (Tank) 3-inch M5 (Antitank) 
Twist of rifling 1/32 1/40 

Muzzle Velocity 2600 fps 2600 fps 

FT 76-C-1 3-W-1 


OCM item 16167 standardized the 3-inch AP Projectile M62, which was later called ап АРС Рго- 
jectile. ОСМ item 18656 authorized its use in the 76-mm Gun М1. The 76-mm Guns М1 and M1A1, with 


1/40 twist, are now obsolete. 
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SECTION V 
EFFECT DATA 
Paragraph 
Penetration = = - -----------------.----.-.-.-.--- 8 
8. Penetration. 
a. Ballistic Limits of Armor Plate. 
Plate Ballistic Limit Number 
Type Thickness Obliquity in 
inches degrees Type 1р5 Ауегаве 
Еасе 3 20 Navy 1742 26 
Hardened 3 30 Navy 2027 1 
Homo- 3 20 Army 1726 2 
geneous 3 20 Navy 1852 2 
4 30 Navy 2391 1 


b. Vulnerability of German Tanks (Panzerkampfwagen) 


MV: 2600 fps. 


Maximum Vulnerable Range - yd. 


Tank Mote па 


Frontal | Turret Sides 
Turret Rear 
Turret Front 
Upper Hull Front 
Lower Hull Front 


Turret Sides 
Turret Rear 
Turret Front 

Upper Hull Sides 
Lower Hull Sides 


Turret Sides 
Turret Rear 
Turret Front 

Upper Hull Rear 
Lower Hull Rear 


*Not vulnerable, 


These data were taken from ТМ2-1907, "Ballistic Data, Performance of Ammunition", 
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1, Total Number of Rounds Necessary to Obtain 90% Probability of Enough Hits to Make a Breach 
Ë 12 Ft Wide in a Concrete Wall 10 Ft High. From TM 9-1907, "Ballistic Data, Performance of Ammunition”. 
| MV 2600 fps 

Range 1000 yd 


3 Ы Wall thickness ва 10 ft 
4 No. of rounds 100 180 
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Ballistic Research Laboratories Ballistic Research Lab. 

Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland. 

No. 76-1-19 4 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 
Shot, АР, 76-mm (3-inch), M79 with Tracer 


Section Paragraph 
Е 1 General ------------------- 1 
5 П Description ---------------- 2-4 
ш Interior ballistic data ------- 5 
IV Exterior ballistic data ------ 6-7 
V Effect data ----------------- 8 
SECTION I 
GENERAL 
Paragraph 
Purpose - + - ----------------.-.-.-..-.-.-.-.-...-.-- 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding th. shape, dynamics, ballistics and effects of the 76-mm (3-inch) Armor-piercing Shot M79 


with Tracer. This information is collected from the drawings, reports, and firing tables pertaining to this 


ammunition. 
SECTION П 
DESCRIPTION 
Paragraph 
E Drawing = - + < 5 + - ee ee = < = = = = = = = – – ~ ~ ~ = ~ = = - - 2 
23 Dimensions = - ----------------».5-------.-.--- 3 
3 Physical characteristics = - ---------------------- 4 
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FOR SHOT, АР, 76.MM, M79 BRLH 76.1.79 
2-5 


2. Drawing. 
Shot: Metal parts assembly and details 75-18-45 
3. Dimensions. 
_ Band: Distance from base 0.257 cal 
Width 0,336 cal 
Cylindrical body: Length 1,844 cal 
Ogive: Lengtn 1.189 cal 
Radius of arc 1.667 cal 
` Shot: Тоа! Length 3.033 cal 
4. Physical characteristics. 
Weight (standard) 15.00 lb 
Base to center of gravity* 1.33 cal 
Axial moment of inertia* 15.90 1b.in 
Transverse moment of inertia* 81.85 165.12 


*Estimated on the basis of measurements of the 37-mm AP Shot M80, 
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Paragraph 
Theoretical yaw in bore = + = - - - -------.-.-.-...--..-.-.-.- 5 
9. Theoretical yaw іл bore. 
Minimum 8 min 
Maximum 12 min 
5 SECTION IV 
Е EXTERIOR BALLISTIC DATA 
| Paragraph 
Aerodynamic data - - + ---------- %-------------- 6 
Firing table data - - - - - - - - - - - - - - - ~ - ~ - - - - -– + - ~ + - 7 
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$. Aerodynamic date. 
a. Drag. А forra factor of 1.05 relative to Projectile Type 1 was determined from resistance firings 


at a muzzle velocity of 2600 fps. The corresponding ballistic coefficient is 1.59 on the G, drag function, The 
drag coefficient is 0.229 at 2600 fps. 

b. Stability. No stability firings have been conducted with the 76-mm AP Shot M79, The stability 
factor estimated from that of the 37-mm Armor-plercing Shot M80 (Ballistic Research Laboratory Report 
438, "Yaw and Drift of 27-mm Armor-piercing Shots") at a muzzle velocity of 2600 fps and a twist of rifling 
of one turn їп 40 calibers is 3.4. 

7. Firing table data. 


Gun 76-mm M1A2 (Tank) 3-inch M5 (Antitank) 
Twist of rifling 1/32 1/40 

Muzzle velocity 2600 fps 2600 fps 

FT 76-A-6 (p. 18) 3-T-1 (Abridged) 


ОСМ items 17458 апд 17523 recommended and approved calssification of the 3-inch AP Shot M79 


as substitute standard (the APC Projectile M62, which is riore difficult to manufacture, is standard). OCM 
items 19052 and 19204 recommended and approved its use in the 76-mm Gun М1. The 76-mm Guns М1 and 
M1A1, with 1/40 twist, are now obsolete. 

a. Form factor (Projectile Type 1): h = 1.05. 

5. Ballistic coefficient (Projectile Type 1): С, = 1.59. 
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FOR SHOT, AP. 76.MM, M79 


SECTION V 
EFFECT DATA 
Paragraph 
- 8 


Penetration = = < - = - - - =< = = < =< =< < < = = = = < < < = = = = = • 
8. Denetration. 


BALLISTIC LIMITS OF ARMOR PLATE 


Homogeneous Plate Ballistic Limit 
a АЈА — Number 
Thickness Obliquity Type fps in 

inches degrees M Average 

8 0 Army 1356 2 

4 0 Army 1719 1 

3 0 Navy 1512 2 

4 0 Navy 1911 1 
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Ballistic Research Laboratories Ballistic Research Lab, 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland. 

No. 76-1-93, 3 February 1949 


RALLISTIC AND ENGINEERING DATA 
for 
Shot, HVAP, 76-mm, M93 with Tracer 


Secticn Paragraphs 

I General ----------------- 1 

H Description -------------- 2-4 

HI Interior ballistic баха ----- 5 

IV Exterior ballistic data ---- 6-7 

У Effect data -------------- 8 
SECTION 1 
GENERAL 

Paragraph 
Purpose = ~ ----------------- ~ 5 - ~ + - + + ~ -- 1 


1. Purpose. The purpose of this nuraber of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics ard effects cf the 76-mm Нурегуе:осйу Armor -piercing 
Shot M93 with Tracer. This information is collected from the drawings, reports, and firing tables pertain- 
ing to this ammunition unc to earlier experímevtal models of the T4 series (the МЭЗ Shot wes designated 
Т4Е20). 


SECTION U 
DESCRIPTION 


Paragraph 


Drawings = = --------------------.-.---..--. - 2 
Dimensions = -----------------.-..------..-.-.-- 3 
Physical characteristics = + + ~ ~ - - 2-2-2 ee ee eee ~ ~ - - + 4 
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FOR SHOT, HVAP, 76.MM, M93 


аса та nf TT тү-үт; 
h 1 


2. Drawings. 


Metal parts assembly 
Metal parts details 


3. Dimensions. 


` Band: Distance from base 
Width 


Base and body: Length of base 
Length of body and bourrelet 
Length of bourrelet ring 
Length of base, body and bourrelet 


Windshield: Length 
Radius of arc 
Vertical angle of cone 


Shot; Total length 


Core: Diameter 


4. Physical characteristics. 


Weight of shot with tracer 
Weight of shot without tracer 
Weight of core 

Base to center of gravity* 
Axial moment of inertia* 
Transverse moment of inertia* 


BRLH 76-1-93 
2-5 


75-2-361 
75-2-362 апа 363 


0.40 cal 
0.37 cal 


0.86 cal 
0.83 са1 
0.17 cal 
1.69 са] 


1.96 cal 
0.83 са1 
28.68 deg 


3.85 cal 
1.50 in 


9.31 1b 
9.30 lb 
3.95 1b 
1.178 cal 
8.54 Ib. in 
44.2 1b. in? 5 


*Calculated from the dimensions of the HVAP Shot Т4Е1, which is approximately the same shape as 


the M93 Shot, but weighs 9.97 1b and has a 3.98-1b core. 


SECTION Ш 


INTERIOR BALLISTIC DATA 


Theoretical yaw іп Боге = - - - - - - - - алымы аба Е: 


5. Theoretical yaw in bore. 


Minimum 8.5 min 
Maximum 13.6 min 
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6. Aerodynamic data. 

a. Drag. 

Shot Т4Е17 M93 

š Drag function Gg Gg 

Muzzle velocity 3400 fps 3400 fps 

Form factor (15) : 1.175 1.165 
18 Ballistic.coefficient (cg 0.879 0.888 

Drag coefficient (Kp) 0.111 0.110 

b. Stability. 

Shot T4E17 

Muzzle Velocity 3440 fps 

` Moment coefficient (Ky) 0.67 

Gun, 76-mrz М1А1 М1А? 

Twist of rifling 1/40 1/32 

Stability factor 1.44 2.25 


7. Firing table data. FT 76-C-1. МУ 3400 fps. 


Gun, 76-mm, М1А2. Twist of rifling: 1/32. The 76-mm Guns М1 and М1А1, with 1/40 twist, are now 


obsolete. 


approved by OCM item 26841. 


a. Form factor (Projectile Type 8): ig = 1.175 


locity of 3337 fps. 


b. Ballistic coefficient (Proj Type 8): Cg = 0.879. 


Standardization of the 76-mm НУАР Shot M93 with Tracer was recommended by ОСМ item 26551 and 


This value was determined by resist_..ce firings of the AP Shot T4E17 with a mean instrumental ve- 
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SECTION Y 
EFFECT DATA 
Paragraph 
Penetration = - + ---------.---.-.-............ 8 


8. Penetration. The chart on page 8 was taken from Ballistic Research Laboratory Report №. 533, 
"Penetration of Armor by 76-mm and 90-mm HVAP Projectiles", 
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SECTION I 
GENERAL 

Paragraph 
Purpose ~ - - - - - - - - - - ~ -- - - -- - + ~ - былыс. ла 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 81-mm High Explosive Shell M43 with the 
Point Detonating Fuze M45 and the 81-mm High Explosive Shell M43A1 with the Point Detonating Fuze M52 
or М52А1, This information is collected from the drawings, reports, firing tables, and technical manuals 
pertaining to this ammunition. 


SECTION П 
DESCRIPTION 
Paragraph 
Drawings = - - ~ - = - = = - = = ~ = = - - ~ = = = = = = = = = = ~ + - 2 
Dimensions = = - + = - = - - = = = = = = = = = = = = = = = = ~ = = = = 3 


Physical characteristics = = = - - - - - - = = = = = = = = - - = - ~ = = 4 
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FOR SHELL, HE, 81-MM. M43 AND М4ЗА! 


2. Drawings. 


Complete round, HE Shell M43 with PD Fuze M45: 
Assembly and marking diagrain 

Complete round, HE Shel! M43A1 with FD Fuze M52: 
Assembly and marking diagram 

Shell: Metal parts assembly and details 

Fins: Assembly and details 

PD Fuze M45: Assembly 

PD Fuze М52 ог M52A1: Assembly and details Ç 


3, Dimensions, 


Fins: Number Е 
Length (omitting front slope) 
Length of assembly (outside) 


Shell: Radius of arc behind bourrelet 
Radius of arc in front of bourrelet 
Length of rear part 
Length of bourrelet 
Length of front part 
Length of adapter (outside) 

Total length 


Fuze: M45 


, outside length 


M52, outside length 


Length: Shell and fin assembly 
Shell, fin assembly, and fuze M45 
Shell, fin assembly, and fuze M52 


4. Physical characteristics. 


Weight (standard) 
Center of gravity to point of fuze 
Transverse moment of inertia 6 
SECTION Ш 
EXTERIOR BALLISTIC DATA 


Aerodynamic data 
Firing table data 
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75-1-47 


75-1-88 

75-2-261 
75-2-262 
73-1-143 
75-1-161 


8 
0.66 cal 
0.96 cal 


8,78 cal 
1.33 cal 
1.64 cai 
0.32 cal 
0.36 cal 
0.10 cal . 
2.42 cal 


0.73 cal 
0.74 cal 


3.38 cal 
4.11 cal 
4.12 cal 


6.92 1b 
1.92 cal 


8.97-1b.:n? 
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6. Firing table data. 

ЕТ 81-В-9 374 FT 81-В-4 (abridged). 

Mortars, 81 -—mm, М1 ang M21; Mortar, Trench, 3-inch, Mark IA2, Smooth bore: muzzle loading. 
Projectile weight: 6.87 lb, ОСМ items 9909 эпі 10024 recommended and approved standardization of the 
НЕ Shell M43 for the 81-mm Mortar M1. ОСМ items 11703 and 11767 recommended and approved standardi- 
zation of the ЧЕ Shel M43 for Ше 3-inch ‘french Mortar Mark IA2 with charges 0 to 4, but not with the 
larger charges. ОСМ ite me 28162 and 28822 reccmmended and approved standardization of the HE Shell 
MAJ ог the 81.mm Mortar M21; ОСМ em 31408 restandardized it after further development of the mortar, 
FT 81-R-1 (abridged) is а range-elevation table for the 81-шш Mortar T27, which is the M21 Mortar with- 
оз. the Extension Tube and is us d with charges 0 to 3 at snort ranges, 

a. Form factor data, The following form factors relative to Projectile Type 1 were determined 
Бош the ranges tabulated in FT 81-В-2 for an elevatiou of 45°. 


Charge Muzzle V elocit Form Factor 
ips 1 


1 
0 235 „55 
1 332 .69 
2 419 „78 
3 499 ла 
4 57а 75 . 
5 638 II 
6 700 84 


b. Ballistic coefficient data. The following ballistic coefficients relative to Projectile Type 1 were 
determined from the ranges tabulated in ЕТ 81-B-2 for an elevation of 45°. 


Charge Muzzle Velocity Ballistic Coefficient 
fps Cy 
9 235 1.230 
1 332 0.984 
2 419 0.861 
3 499 0.944 
4 572 0.908 
5 638 0.881 
6 700 ^ 0.8C2 
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7. Fragmentation. The data on fragmentaticn of 81-mm HE Shell M43A1 were taken from "Terminal 


Ballistic Data", Vol. III, The initial fragment velocity is 3,930 fps. 


а. Casualties. 


Distance 
from burst 
(ft) 


r 
20 
90 
50 
60 
80 
100 
150 
200 
300 


TABLE 42 


CASUALTIES 


Total number 
of effective 
fragments 


Average 
number of 
effective frag- 
ments per sq ft 


B 
0.163 
0.0615 
0.0321 
0.0120 
0.0057 
0.0031 
0.0009 
0.0003 
0.0001 
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For the lightest 


effective fragment 
Weight Velocity 


(ог) 
m 
0.009 
0.014 
0.017 
0.027 
0.038 
0.051 
0.077 
0.104 
0.159 


(fps) 
У 
2570 
2060 
1870 
1480 
1250 
1080 
880 
758 
611 
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b. Perforation of 1/8-inch mild steel. 


Distance 
from burst 


(ft) 
r 
20 


30 . 


40 
60 
80 
100 
120 
140 
180 


TABLE 43 


PERFORATION OF 1/8 IN. MILD STEEL 


Total number 
of effective 


fragments 


Average 
number of 
effective frag- 
ments per sq ft 


B 
0.108 
0.0418 
0.0202 
0.0062 
0.0020 
0.0007 
0.0003 
0.9002 
0.0001 
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For the lightest 
effective fragment 


Weight 


(oz) 
m 
0.027 
0.036 
0.047 
0.073 
0.105 
0.146 
0.197 
0.258 
0.399 


Veiocity 
(fps) 


у 
2970 
2670 
2430 
2090 
1870 
1720 
1530 
1420 
1240 
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— 
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BALLISTIC AND ENGINEERING DATA 
for 
Shell, HE, 81-mm, M56 
with 
Fuze, PD, M53, M53A1 or М52А1, and Fuze, TSQ, M77 
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SECTION I 
GENERAL 

Paragraph 
Purpose = - - ------------------.-.-.-.-..-.-..-.-.-.- 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 81-nim High Explosive Shell M56 with 
the Point Detonating Fuze M53, M53A1 or М52А1, and with the Time and Superquick Fuze M77. This infor- 
mation is collected from the drawings, reports, firing tables, and technical manuals pertaining to this 


ammunition. 
SECTION П 
DESCRIPTION 
Paragraph 
Drawings ~ ---------------- .-------- ------- 2 
Dimensions ~ = < -----------------.-.-.-.-.-...---- 3 
Physical characteristics = = - - - - - - - ---.-......-......--- 4 
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SHELL, HE, 8!-ММ, M56 
FUZE,PD, M53 


"= 1.188 
3855 ——— saa 
aa || Гат, 
ш | 

ш 


‚549 1.196 95 304 :217 


SHELL, НЕ, 8I-MM, M56 
FUZE,T SQ,M77 


ALL DIMENSIONS IN CALIBERS 
| CALIBER = 3.189" 


FOR SHELL. НЕ, 81.MM, M56 BRLH 81.1.56 


2-4 
2. Drawings. 
Shell: Metal parts assembly and details 75-2-283 
Fins: Assembly and details 75-2-277 
Increment, Propeliant M2 or M2A1, and Holder: 
В Assembly and details 71-12-16 
| Fuze M53 ог M53A1: Assembly and details 73-1 -165 
Е Fuze М52А1: Assembly and details 73-1-161 
3 Fuze M77: Assembly 73-3-171 
8 Complete Round: Assembly and marking diagram, 
р With Fuze M53 75-1-97 
» With Fuze M77 15-1-197 
Ring for adapting shell to Fuze M77 73-3-175М ы 
° 
3. Dimensions. 
Fins: Number 12 
Length 0.549 cal 
Length of assembly (outside) 1.693 cal 
E Shell: Length of rear part 1.196 cal 
1 Length of rear bourrelet 0.395 cal 
8 Length of front bourrelet 0.304 cal 
5 Length оў ogival part 0.684 cal 
Radius of ogival arc 1.997 cal 
Total length 4.539 cal 
: Adapter: Length (outside) 0.185 cal 
3 Ring: Length 0.217 cal 
Fuze: Length (outside) of M53 0.740 cal 
M53A1 0.737 cal 
M52A1 0.753 cal 
M77 1.188 cal 
Length: Shell, adapter, and fin assembly 6.417 cal 
Same with Puze M53 7.157 cal 
Same with Fuze M77 7.837 cal 


4. Physical characteristics. 


With Fuze M53: Weight (standard) 10.62 1b 
CG to juncture of adapter and fuze 2.324 cal* 
With Fuze M77: Weight (standard) 11.62 15 


*The National Bureau of Standards located the center of gravity of a projectile filled with carbon 
A tetrachloride, whose specific gravity is 1.61 at 22°C (Lyman J. Briggs, "Report on Aerodynamic characteristics 
of the 60-mm Mortar Projectile M49A2 and the 81-mm Mortar Projectile M56", М.В. of S. VI-4/64, 1942). 


BRLH 81-1-56 BALLISTIC AND ENGINEERING DATA 
5 


БЕНЕН PROJECT'LE, TRENCH MORTAR, 81- ГЕННЕН 
НЕЕ itt Nun 


ors CENTER ОЕ PRESSURE TO Шс pi ADAPTER AND FUZE ec 


nuni Lus ШІ ЕТЕ 


E ГЕННЕН Со ЊЕНЕ ЕЕН 
21024 к x CROSS WIND FORCE COEFIICIENT НЕННЕ Н на 


HE HE 
ЕЕС ЕЕ никии 
m Hh Hi r Ei НЕЕ ЕЕ ЕЕЕ. 
LEE m= Sree COCO 
ЕН 
ЕН HET : x E ET НЕ 
- EH | | 


ГЕ КҮТ ЕЕ ЕЕ 
BENS“ ET ЕЕ ЕЕ] иин па а 
НЕТ” eet tt Co 
ининнивнннннннннни BEE Н 
ЕЕЕ Кы EHEH НЕН 
иишпининининиин EEBERNERERERENEREEENERERRREREENEEENEN 
ЕЕЕ папана YAW = DEG ЕСЕСІНЕН ЕГЕН 


радара 0 PEPEE E 
На ЕНІНЕН 


ваши нин ||] | ПРООН — ШЕТІН 


NEUE ЕНЕНННН i ESO 
ЕЕЕ ЕЕЕ ЕЕЕ ЕНЕНЕ. 
nm HHHP 
HAH H-H-H- cy || ТТЕ) AHHH ГТ 123211522251 50022 EB 
E Е 

ЕРЕЕН ЕЕ БАНАНА НЕН ЕЕН 
8 WEEE AR REE HHH BEHBBENHNBEN LITITITITITIILLLILALLILI] [ | 
HEAT шиш ВЕН Е воевезавезсависиаа 1111 тр 
ННІ АЕ EEE ЕЕ 


` ко 200 300 . 400 
4 


ee 


| 
| 
| 
I 
| 


FOR SHELL, HE, 81-MM, M56 BRLH 81.1.56 
5.6 


SECTICN Ш 
EXTERIOR BALLISTIC DATA 


Paragraph 
Aerodynamic data - - - 5 =< < = ++ - eee - = * - = = = = <= = = + = - 5 
Firing table data: PD Fuzes - < - - - - - - - < - < < < - = - = = = = - 6 
Firing table data: TSO Fuze - - - - - - - - - - - = = = = = = = - = - - 7 


5. Aerodynamic data. The aerodynamic coefficients shown graphically on page 4 were computed 
from the forces and torques measured by the Bureau of Standards in a wind tunnel at a velocity of 100 fps 
(see par. 4). 

6. Firing table data: PD Fuzes. 

FT 81-C-2. (Part I). 

Mortars, 81-mm, M1 and M21; Smooth bore: Muzzle loading. Projectile weight: 10.62 ib. ОСМ 
items 15627 and 15674 recommended and approved standardization of the HE Shell M58 with PD Fuze M53 
for the 81-mm Mortar М1. ОСМ items 28162 and 28822 recommended and approved standardization of this 
ammunition for the 81-mm Mortar M21; OCM item 31408 restandardized it after further development of the 
mortar. ЕТ 81-Q-2 (abridged) is a range-elevation table for the 81-mm Mortar T27, which is the M21 
Mortar without the Extension Tube and is used with charges 1 and 2 at short ranges. ОСМ iterns 24288 and 
24598 recommended and approved the classification of the PD Fuze М52А1 as supstitute standard for the 
HE Shell M56. 
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7. FIRING TABLE DATA: T.SQ.FUZE.FT 8I-S-I (ABRIDGED) 
MORTARS, 81-ММ, MI AND Ма! 
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SECTION IV 
EFFECT DATA 
| Рагаргарһ 
1 E Fragmentation = = --------------.-.--------.-.-.-- 8 
Penetration = - ----------------------.-.-.-.-.-- 9 


8. Fragmentation. Тһе data on fragmentation of the 81-mm НЕ Shell M56 were taken from TMY-1907, 
"Ballistic Data, Performance of Ammunition" (Sep 1944) and Vol. Ш of "Terminal Ballistic Data" (Sep 1945). 
The initial fragment velocity 15 6,180 fps. 

a. Casualties. 


TABLE 44 
CASUALTIES 
Average For the lightest 
Distance Total number number of effective fragment 
from burst of effective effective frag- Weight Velocity 
(ft) fragments ments per sq 1 (oz) (fps) 
г N B m у 
/ 20 2580 0.513 0.004 3860 
3C 2060 0.182 0.006 3150 
40 1680 0.0836 0.008 2720 
60 906 0.0200 0.014 2060 . 
9 614 0.0076 0,021 1680 
100 412 0.0033 0.009 1430 
150 170 0,0006 0.056 1030 
200 112 0.0002 0.080 862 
300 63 0.0001 0.128 682 
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b. Perforation of 1/8-inch mild steel, 


Distance 
from burst 
(ft) 


r 
20 
30 
40 
60 
80 

100 
120 
140 
170 


TABLE 45 


PERFORATION OF 1/8 IN. MILD STEEL 


'Total number 


of effective ` 


fragments 


Average 

number of 
effective frag- 
ments per sq ft 


B 
0.208 
0.0674 
0.0290 
0.0069 
0.0024 
0.0010 
0.0004 
0.0003 
0.0001 
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For the lightest 
effective fragment 


Weight 
(oz) 


m 
0.012 
0.017 
0.022 
0.035 
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0.071 
0.097 
0.128 
0,188 


Velocity 
(fps) 
у 
4060 
3580 
3200 
2700 
2360 
2110 
1900 
1780 
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BRLH 81.1.57 
| 
Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland 
No. 81-1-57 8 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 
Shell, Smoke, 81-mm, M$7 
with 


Fuze, PD, M52 or M52A1, and Fuze, TSQ, M77 


Section Paragraphs 
I General --------------------- 1 
H Description ----------------- 2-4 
HI Exterior ballistic data -------- 5-8 
SECTION I 
GENERAL 
Paragraph 
Ригрове----------- Ми PEU MEER 1 


1. Purpose. The purpose of this number oi the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics and ballistics of Ше 81-mm Smoke Shell M57 with the Point Detonating 
Fuze М52 ог M52A1 and with the Time and Superquick Fuze M77. This informaticn is coilected from the 


drawings, reports, and firing tables pertaining to this ammunition. 


SECTION П 
DESCRIPTION 
Paregraph 
Drawings = - -------------------------..--- 2 
Dimensions + + - ----------------------.--..-.-- 3 


Physical characteristics ~ = = - - + - + - - - ~ = - - ~ – ~ ~ - - - - ~ - 4 
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BALLISTIC AND ENGINEERING DATA 


SHELL, ЗМОКЕ, 8I-VM,M57 
FUZE „РО, M52 


II 
.246 ! | 
1.196 — 1395 
SHELL ,SMOKE, 81-ММ, M57 
FUZE,T 50.,М77 


ALL DIMENSIONS iN CALIBERS 
I CALIBER = 3.189" 


pg 


тозан тръст TTR ETT Бутта уя ыс OTE BEST MEST UR ge аи aap аео 2-2,2 grew oe шоор 
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| FOR SHELL, SMOKE, 81-ММ. М57 BRLH 81.1.57 
BU 2-4 
3 7 
Е 2. Drawings. 
Е Shel): Metal parts assembly and details 75-2-984 
3 Fins: Assernbly and details 75-2-7277 
Increment, Propellant, M2 or M2A1, and Holder: 
5 Assembly апа details 71-12-16 
ES Fuze: Assembly and details 73-1 -161 
< Complete Rounds: Assembly and marking diagram, 
>. With Fuze M52 and FS 75-1-94 
Е With Fuze M52 and МЕ 75-1-93 
With Fuze M77 and FS 75-1-198 
ЯЕ With Fuze M77 and WP 75-1-199 
57 Ring for adapting зпе 1 to Fuze M77 73-2-175M 
3. Dimensions. 
3 Fins: Humber 12 
Length 0.549 cal 
Length of assembly (outside) y 1.693 cal 
SN Shell: Length of rear part 1.196 cal 
Length of rear bourrelet 0.395 cal 
Length of front bourrelet 0.304 cal 
Length of ogival part 0.684 cal 
Radius of ogival arc 1.997 cal 
Total length 4.539 cal 
Adapter: Length (outside) 0.185 cal 
Ring: Length 0.217 ca! 
3 Fuze: Length (outside) of M52 0.740 cal 
: M52A1 0.753 cal 
4 М77 1.188 cal 
an length: Shell, adapter, and fin assembly 6.417 cal 
9 Same with Fuze M52 7.157 cal 
Seme with Fuze M77 7.637 cal 


É | 4. physical characteristics. 
Е a. Chemical charges. 
АА (1! Fuming Spray: А liquid, which turns to smoke when released. 
(2) White Phosphorus: А pale yellow solid. А layer of 1/8 inch of water is included in the charce. 
When released, this forms a white smoke, which is poisonous. 


b. Weights. The standard weights of the fuzed projectiles are: 


“Тә iis: 


Charge Fuze M52 Fuze M77 
Е FS 11.86 1 13.03 1b 
E WP 11.36 1b 12.53 1b 
е 


Ко ae eT а а -—- а Сата me سات سوت‎ 


BREH 81.1.57 BALLISTIC AND ENGINEERING DATA 
5-6 


SECTION Ш 
EXTERIOR BALLISTIC DATA 
— Paragraph 
Aerodynamic data - - - - - - - - - ~ - - - - - ~ - < - - - - = = - - - 5 
Tiring table data (FS): PD Fuze = ------------:-------- 6 
Firing table data (WP): PD Fuze = = - - - - - - - ~ - - - - = - - - - - - 7 
Firing table data (WP): TSQ Fuze - = - - - - - - ~ - - + - - - - - - - - 8 


5. Aerodynamic data, Since the Smoke Shell M$7 has the sarae shape as the High Explosive Shell 
М56, its drag coefficient and cross wind force coefficient should be the same. These are given іл OH 81-1-56. 
The position of the ceater of gravity and consequently the moment coefficient may be different with the chemi- 
cal charges from what they are with the high explosive charge; they have not been measured with the chemical 


charges. 


6. Firing table data (FS): PD Fuze. 

FT 81-C-2 (Part. 2) 

Mortars, 81-mm, М1 and M21. Smooth bore: muzzle loading. Projectile weight: 11.86 lb. OCM 
items 15627 and 15674 recommended and approved standardization of the Smoke Shell M57 with PD Fuze 
M52 for the 81-мт Mortar M1. ОСМ items 28162 and 28822 recommended and approved standardization 
of this ammunition for the 81-mm Mortar M21; ОСМ item 31408 restandardized it after further development 
of the mortar. FT 81-Q-2 (abridged) has a range-elevation table for the 81-mm Mortar T27, which is the 
M21 Mortar without the Extension Tube and is used with charges 1 and 2 at short ranges. 
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3 GENERAL 
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[ 1. Purpose. The purpose of ts number of the handbook is to furnish a concise collection of infor- 
Е mation regarding Ше shape, dynamics, ballistics, and effects of the 90-mm Armor-piercing Shot T33 with 
7 Traces. This information ts collected irom the drawings, reports, firing tables, and technical manuals 
3 pertaining to this ammunition. 
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FOR SHOT, AP, 90-ММ, T33 


SECTION П 
DESCRIPTION 
У Paragraph 
Drawings = = - - -----------------------.-..-.-- 2 
Dimensions = - - - -----------------.-..---.--.-.-.-- 3 
Physical characteristics = = - - - - - - - - - ~ - ~ - - - - - - - + - - 4 
2. Drawings. 
Shot: Meta] parts assembly and details 75-2-388 
Body 75-18-44А 
Windshield 75-18-51A 
3. Dimensions. 
Band: Distance from base 0.282 cal 
Width 0.336 cal 
Body: Cylindrical length 1.951 cal 
Ogival length 0.829 cal 
Radius of ogival arc 1.496 cal 
Windshield: Length 1.946 cal 
Radius of ogival arc 9.015 cal 
Length: Ogive 2.207 cal 
| Shot 4.158 cal 
4. Physical characteristics. 
Weight (standard) 24.06 1b 
Base to center of gravity 1.241 cal 
Axial moment of inertia 35.64 1b.in 
Transverse moment of inertia 191.4 1b.in? 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Pevagraph 
Theoretical yaw іп bore - = - - --------------------- 5 


5. Theoretical уау in bore. 


Minimum 3.0 min 
Maximum 5.5 min 


ВАН 90-1-733 
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SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data = = - - - - - - = = = - - - = = = = = = = ~ --- = - 6 
Firing table data = ----------------------.---- 7 


6. Aerodynamic data. 

a. Drag. The following data were obtained by resistance firings (see Ballistic Research Laboratory 
Memorandum Reports 336, "Ballistics of 90-mm AP Shot T33", and 347D, "Stability Factor of 90-mm Shot 
T30E15, and Form Factors of 90-mm Shot T30E15, APC Projectile M82, and AP Shot T33"). 


Velocity Drag Form Pallistic Drag 
fps Function Factor Coefficient Coefficient 
2666 бв 1.91 1.90 121 
3029 G, 1.81 1.81 .108 


b. Stability. Ballistic Research Laboratory Memorandum Report 336, "Ballistics of 90-mm АР 
Shot T33", gives the results obtained from stability firings of this projectile from the 90-mm Cun М1 


Muzzle velocity 2700 tps 
Moment coefficient 1.24 
Twist of rifling 1/32 
Stability factor 2.12 


T. Firing table data. FT 90-F-1 


Guns, 90-mm, M1, МАТ, М2, МЗ and M28. 
Twist of rifling: 1/32. 

Muzzle velocity: 2800 fps. 

Projectile Weight: 24.0 lb. 


ОСМ item 29599 recommended that the AP Shot T33 be classified as limited standard; bv item 30181, 
it was made limited procurement type. 

a. Form factor (Proj Type 7). із 0.97. 

b. Ballistic coefficient (Proj "суре 7): Ca = 1.98. 
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SECTION V 
EFFECT DATA 
Paragraph 
Penetration = = = = = = a om o= «ОР ЈАЗУ mm 8 


8. Penetration. According to ОСМ item 26320, the 90-mm AP Shot 'Г33 with а rauzzle velocity of 
2800 fps will penetrate the front glacis plate of the German ‘Panther’ Tak (Panzerkampfwagen V). The 
armor plate penetraticn — velocity curves, taken from Vol. Ш of "Terminal Ballistic Data", are shown on 


the next page. 
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BALLISTIC AND ENGINEERING DATA 
*or 
Shel, 52, 90-mra, M58 and М58В1 
with 
Fuze, MT, M43A5 


Section Paragraphs 
I General -------------------- 1 
>= 
п Description ----------------- - 2-4 
ш Interior ballistic data --------- 5-6 
IV Exterior ballistic data -------- 7-8 
SECTION ? 
GENERAL 
| Paragraph 
Purpose = + - - + - - - ------.......-..-.-.-..-..-..- ------ і 


1. Purpose. The purpose of this number of the handbook is to furnish а concise colicction of infor- 
mation regarding the shape, dynamics and ballistics of the 90-mm High Explosive She!1 M58 and М58В1 
with the Mechanical Time Fuze M43A5. This information is collected from the drawings, reports and Виле 


tables pertaining to this ammunition. 
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FOR SHELL, HE, 90-ММ, M58 BRLH 90.1.58 
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SECTION П 
DESCRIPTION 
Paragraph 
Drawings = - - ---------------...-..-........- 2 
Dimensions - - - - ----------.- --------..-.-..-- 3 
Physical characteristics = = - ------............... 4 
2. Drawings. 
Shell: Metal parts assembly and details 75-18-39 
Booster M20: Assembly and details 73-2-112 
Fuze: Assembly and details 73-17-29 
3. Dimensions. 
Boattail: Angle 7°00! 
Length 0.50 cal 
Band: Width 0.34 cal 
Distance from base 0.74 cal 
Distance from boattail 0.24 cal 
Cylindrical body: Length 1.73 cal 
Ogive: Length 1.30 cal 
Radius of arc 8.95 cal 
Fuze: Outside length 1.05 cal 
Length: Shell 3.53 cal 
Shell and fuze 4.58 cal 
Ogive and fuze 2.35 cal 
4. Physical characteristics. 
Mean weight: Marking £l 20.67 1b 
Marking МЫ (Standard) 21.00 1b 
Marking МЕ 21.33 Ib 
Base to center of gravity* 1.789 cal 2 
Axial moment of inertia* 0.2528 lb. 
Transverse moment of inertia* 2.499 10.1 


*From Ballistic Research Laboratory Report No. 165. 
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SECTION TH 
INTERIOR BALLISTIC PATA 


Stresses = - - + - - + - + - - + < =< = = = =< =< = =< =< = = + + = = + - 5 
Theoretical уау in bore - ------------.----..-...-.- 6 


5. Stresses. The following table and the graphical rep^esentatico or. page 4 show the longitudinal, 
radial and tangential resultant stress at each of two sections: (А; the rear corner of the band seat ard 
(B) the front of the band seat, 


Guns, 90-mm M:, M1A1, M2 
Twist of rifling 1/32 
Cross-sectional area of bore 10.114 sq in. 
Rated maximum pressure 38,000 psi 
Total weight of projectile 21.00 1b 
Muzzle velocity 2,800 fps 
Density of filler (TNT) 0.057 lb per cu in. 
Resultant Stress* Section 

106 psi А В 
Longitudinal -258 -512 
Radial +521 - 56 
Tangential -910 +515 
* + denotes tension, - denotes compression. 


6. Theoretical yaw in bore. 


Minimum 3 min 
Maximum 5 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph ` ` 
Aerodynamic data - - - ------------------.-..--- 7 


Firing table data- - = -----------------.-------- 
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7. Aercdynamic data. 

a. Drag. The trajectories for the 90-mm Guns Ml, MIAL and M2, on antiaircraft mounts, were based 
on the Ge drag function, The form faccors, determined fror range firings, are given in paragraph 8а. 

b. Stability. Ballistic Research Laboratories Report No. 165, "Stability of 90-mm Shell 12", gives 
the results of stability firings of the HE Shell M58 (73) with inert Fuze M48 from the 90-mm Gun T2, which 
was rifled with a twist of one turn in 30 calibers. From these results, the following data were calculated for 
the HE Shell M58, with MT Fuse M48, fired frcm the 90-mm Guns Mi, M1A1 and M2: 


Muzzle Velocity 2800 fps 
Twist of rifling 1/32 
Stability factor 1.33 
Moment coefficient, Км 1.10 


с. Drift. The def'ection due to drift, for а muzzle velocity of 2700 fps апа a twist of * 2. "ар of one 
turn in 32 сеНбег2, is tabulated in FT 90A A-A-1, Part 2, Tabios С-1 and С-2, 


8. Firing table data, FT 90AA-A-1 


Guns, 9C-mm, Ml, МА anf МЕ ог antiaircraft mount, 
Twist оў riiag: uniform 1/32. 
Muzzie velocity: 2700 ips. 


ОСМ item 15646 standardized the 90-mm HE Skell M58 for the 90-mm Gun М. ОСМ item 15412 
standardized the complete round, including the HE Shell M58 and the Cartridge Case M19, for the 90-mm Gun 
Ml. Reclassification of the HE Shel! M58 as limited standard was recommn:cnded by ОСМ item 16844 and ap- 
proved by OCM item 16962, The characteristics of the 90-mm Guns MiA1 and M2 are the sme as those of 
the 90-mm Gun MI. 

а. Trajectory data. Tr jectory and fins Leder curves xr a muzzle velocity oz 2700 fps are given сл 
ТС 90AA-A-1. With the iuze sat 'ssfe : 


Maximum horizootel range 17,580 уд 
Maximum ordinate 12,375 уд 


FOR SHELL, HE, 90-ММ, M58 BRLH 90-1-58 
8 


ЕСЕСІНЕН HH H- НЕЕ aun LHH HH ттс 
ЕНЕҢ E ГІНІҢ BEN HHH HH - 
СЕН RENS ИШ ЕНІНЕН nu ШЫН 
Ru ЕН ЕН 
ВН ЕНЕН pum d i 
Er ВЕРНЕЕ rj TAN ЕНЕ ЕН ВЪВ ЕНЕНЕ 
Lis НЕЕ HIRE HHE 
ВЕ ДЕ НЕНА E EHE 
HS PEE usd dun ЧЕНЕ ЕЕ ЕЕН 
Š 82:2551552122422122 12 ЕНБЕГІН! H НН 
E E a PEE E ЕН" 
ep ШЫ isis: 
a r m H "ЕЕЕ ЕТКЕ = H 
СЕЕН HHE ЕЕ ЕНЕНЕ 
Hg uocem I Е dŠ 
+ t- [|| FER Li LA-L L1 Ll] H СТ ВЕРЕН а || 
а e 1-14 x НІНЕ ЕЕЕ E i 
iz HH EE N 
[| HT LLITTTTTTE LT] АЩ 
с Бн и: Ë 
Ва ЕН т ЖЕНА. КЕНЧЕ ЕЕЕ аний 
НЕВЕН ЕЕЕ pi ЕН 
Е ЕН ni ДЕ ms РЕВ 


T 
E. ERR 

Rut 8 
РЕНЕНЕЕНЫРЕ НЕЕ HIERHER НЕЕЕ-Е-ЕЕЕН 
ӘННЕН Нан 

БЕНЕН НЕН 
Е НЕЕ Ht i Us 

23221522: Hi НЕ Tri MEM 
HHFH pu E i iH is du Er 
uu EE Пр ааа 
ПЕНЕН 


51 ^y-WOiOV | ньо. 


1.030 — 
25 


BRLH 90-1-58 BALLISTIC AND ENGINEERING DATA 


Н Е ae sug H ЕНІН ТЕКЕН 


утен 


ТД | 
pet ttt ТЕТ] ЕЕРЕЕ ЕЕН НЕ LLLTTIT j 
TEH BEES SERRE АДА | 
ЗЕРЕН ELUTE ЕЕ РЕНН 
иш H НН |||: | 11] ши 


ett et LE ТЕШЕН 
BENRENNBNENERNEERNENEMEREREBENERNM 
SSE ут 


въ 
BN 
BH 
аш 
OO 


[| 
an EEEENNR RERREREERERERERERERERERE ИНИН < 
EN 5 11-1 
пле LL LLLLLLLLELILLELLTTTLILTLLLLLLLLLELLILJ ПАНА Г 
HE щиннинин ENENNEEEBERENENEEERNENRENEEENN 
иш < EBEN “НЕНІ 
> r LLLTLLLLLLLLLLLLLLLLTLLYTTLLLI 
иш NESBSERNNEEBNEENENNEREENMNNEBNEUNNNNFEENEEN 
ты СЕС ша ш По 
ГІ ~ LLL ЕЕЕ ө 
LL] шге م‎ 711 шишиши ш а 
an а BESESEENE 10 ПАЗ ИЦ 5 
піш ЕС EEE EEA 
T e а. u- аш 
an > © aa Poe сш 
> о ГІТІІТІПГІІ LEL НЕСЕ LLU 
ші © АЕ 
Əli Ç БАНА ВАН 
an = £ п 2: BERHEEERSRREEREEE NENNENNENENEEBENEN TET ГІ n 
“| < ГГҮТТІТГІТТІ ишш LULL NESEB! mu 
zt г > 4-5 инниннициннининининни НЕЕ ТЕ) 
7, Ш 5 2 11 ГТ EEEBNNENEEERENENEEN TG 
о & 50 11] ш 
WESEN извини 
НЕҢ 
| =m 
= пининининан 
сс 
en EREERNEERERER 
- LET 
LLLLLLLLLII 
CITT 
У ГІТ 
i ГІГІТІГІЛ 
I | шишишшии иши 
ЕЕЕ 
mI 
гг 
тишин EBEBBERNREN 
ГГІТІТІТІІ LL 
ишишишинини 
ишш ЕН 
пиш CELERITER 
ашна а жаши ВЪН 
"ТТЕ РЕН 


HHHH HHAH 


Г 29 - 1430144309 osve 
{ie кае су пашаа Н и! о 
9 Ф % 


. . 


оваа са аса TA PMT а со а а HA TP ИТ УИ 
TN 


BRLH 90.1.71 
1 
Ballistic Research Laboratcries Pallistic Research Lab, 
Handbook of Ballistic and Aberdeen Proving Ground, 
Engineering Data for Ammunition, Maryland. 
No, 99-1-71 8 February 1949 


BALLISTIC AND ENGINEERING DATA 
for 
Shell, HE, 90-mm, M71 
with 


Fuzes, MT, M43A5; PD, M48, МАЗА1, M48Az, 
and М51А4; TSQ, M54 and М55А3; and CP, M78 


Section Paragraphs 
1 General -------------------- 1 
H Description ----------------- 2-4 
Ш Interior ballistic data -------- 5-8 
IV Exterior ballistic data ------- 7-9 
V Effect data ----------------- - 10-13 
SECTION I 
GENERAL 
Parsgract 
Purpose - - - ------------------.-.----..-..-.-- 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise гем по uf infir- 
mation regarding ‘пе shape, dynamics, ballistics and effects of the 90-mm High Explosive hell ini v k 


the Mechanical Time Fuze M43A5, the Point Detonating Fuze M48, M48A1, M48A2 or 115144, the Tire and 


је 
Superquick ruze 1154, and the Concrete Piercing Fuze M'/8, This information is collected from the draw- 


ings, reports, firing tables, and technical manuals pertaining to this ammuniticn. 
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SHELL, НЕ, 9OMM, М7! 
FUZE, MT,M43A5; PD, M48, M48AI OR M48A2; OR TSQ,M54 


SHELL, HE, 90MM, М7! 
FUZE, СР, МТВ 


ALL DIMENSIONS IN CALIBERS 
| CALIBER s 3543" 
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Drawings 
Dimensions 
Physical characteristics 


FOR SHELL, HE, 90-MM, МИ 


SECTION П 
DESCRIPTION 


2. Drawings. 


Shell: Metal parts assembly 

Booster, М2041: Assembly and details 
Booster, М21А4: Assembly 

Fuze, MT, M43A5: Assembly and details 
Fuze, PD, M48, M48A1 and M48A2: Assembly 
Fuze, PD, М51А4: Assembly 

Fuze, TSQ, Md4: Assembly 

Fuze, CP, M78: Assembly and details 


=< <= ~ – ~ = - = ш ~ < = - ~ < - ы < ~ - - - = < < ~ = ~ < < 


=< » < — - ~ - < ll DILLO 


75-18-42 
73-2-112 
73-2-154 
73-7-29 

73-2-140 
73-2-145 
73-3-154 
73-2-214 


Paragraph 
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ee 


Note: The MT, PD, and TSQ Fuzes require one of the Boosters; but the CP Fuze contains their 


3. Dimensions. 


Boattail: Angle 
Length 
Band: Distance from boattail 


Distance from base 
Width 


Cylindrical body: Length 


Ogive: Length 
Radius of are 


Shell, unfuzed: Length 


Fuze, MT, M43A5; PD, M48, МАВА1, М48А2 or 
М51А4; or TSQ, M54: 
Outside iength 
Ogive and fuze 
Shell and fuze 


Fuze, CP, M/8: Outside length 
Radius cf arc 
Ogive and fuze 
Shell and fuze 


7°00! 
0.50 cal 
0.24 cal 


0.74 cal 
0.34 cal 


1.73 cal 


1.30 cal 
8.95 cal 


2.53 cal 


1.05 cal 
2.35 cal 
4.58 cal 


0.75 cal 
2.26 cal 
2.05 cal 
4.28 cal 


working parts. The TSQ Fuze M54 and the Booster M21A4 are components of the TSQ Fuze M55A3, dwg 
73-3-155. 
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Stresses 
Theoretical yaw in bore 
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4. Physical characteristics. 


BALLISTIC AND ENGINEERING DATA 


a. MT, PD and TSO Fuzes. The weight, location of center of gravity, and moments of inertia of the 


MT Fuze M43, which are tabulated below. 


Mean weight: Marking gg 
Marking ES КЕ 
Marking B £3 а 


Base to center of gravity 
Axial moment of inertia 
Transverse moment of inertia 


(standard) 


HE Shell M71 with any of these fuzes are approximately the same as those of the Shell M71 (T8) with the 


23.07 Ib 
23.40 lb 
23.73 lb 


1.742 cal , 
0.2753 15.ft 
2.627 ib.ft? 


b. CP Fuze. The HE Shell M71 with the CP Fuze weighs 0.34 lb more than with the other fuzes. 


Its other characteristics would also be slightly different, but have not been measured. 
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9. Stresses. The following table and the graphical representation on page 5 show the longitudinal, 


Guns, 90-mm 

Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle velocity 

Density of filler (TNT) 


Resultant Stress* 

100 psi A 
Longitudinal -192 
Radial +328 
Tangential -625 


* + denotes tension, 


radial and tangential resultant stresses at each of three sections: (A) the rear corner of the band seat, 
(B) the front of the “ауд seat, and (C) immediately behind the bourrelet. 


М1, M1A1, M2, МЗ 
1/32 

10.114 за in. 
38,000 psi 

23.40 16 

2,700 fps 

0.057 lb per cu in. 


Section 


B с 


-345 -310 
- 53 - 19 
+354 +291 


- denotes compressicn. 
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6. Theoretical yaw in bore. 


Minimum 3 min 
Maximum 5 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragreph 
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t. Aerodynamic data. 

a. Drag. 

(1) The antiaircraft trajectories were computed wita the drag coefficient shown on page 7, which was 
determined by AA range firings of the HE Shell M71 with the MT Гизе M43A3 as explained in BRL Report 
No. 507, "The Experimental Basis and Computing Methods used in the Preparation of Firing Table FT 
90AA-B-3'. The form factor relative to this drag coefficient is 1.000; hence the ballistic coefficient is 1.864. 

(2) The trajectories for the HE Shell M71 with the PD and TSQ Fuzes were based on the G, drag 
function. The form factor and ballistic coefficient are shown in par. да and b; at the muzzle: 


Velocity 2700 fps 
Ballistic Coef. Co 1.78 
Form Factor, i, 1.041 
Drag Соеї. K 0.109 


(3) Comparative firings at 3° eievation showed that the range-elevation relation for the HE Shell 
M71 with the CP Fuze M78 could be obtained from that with the PD Fuze M48 by decreasing the muzzle 
velocity 27 fps and applying an effect equal to that cf an increase of 12.16 per cent in air density. The 


numerica! average of thc effects due tc an increase and a decrease in density (see par. Әп) was used for 


this purpose. 
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b. Stability. BRL Report No. 236, "Stability of 90-mm Shell Т8", gives the results Jbtained from 
stability firings of inert-loaded Shell M71 (Т8) with the MT Fuze M43 from the 90-mm Gun М1: 


шн и қаза тұрға) 
з АЖ 


Muzzle Velocity 2700 tps 
Moment coef, Км 1.25 
Twist of rifling 1/32 
Stability factor 1.32 


c. Axial couple. BRL Report No. 408, "Loss of Spin and Skin Friction Drag of Projectiles", gives 
the results obtained from firings of a 90-mm HE Shell M71 with a radio spin sonde in a dummy fuze having 
the same shape as the MT Fuze M43: 


Average velocity 1640 fps 6 
Reynolés' number (based on avg vel. and caliber) 2,95 x 10 
Axial couple coefficient, К А 0.9059 
Surface (without base) 149.3 sq in. 
Skin friction drag coefficient, Сър 5.00198 


8. Antiaircraft firing table data. FT 90AA-B-3. 


Guns, 90-mm, М1, M1A1 and M2 on AA Mounts. 
Twist of rifling: 1/32 

Muzzle velocity: 2700 fps 

Fuze: MT M43A5 


OCM items 16844 and 16962 recommended and approved standardization of the HE 
Shell M71. 


a. Form factor. 1 = 1.000 relative to the drag coefficient for the 90-mm HE Sheli M71 (see p. 7). 

b. Ballistic coefficient. C = 1.264 relative to the drag coefficient for the 90-mm HE Shell M71 
(see p. 7). 

с. Trajectory data. A Trajectory and Fuze Setter Chart is included with the firing table, With the 


fuze set ‘safe’: 


Maximum horizontal range 19,560 yd 
Maximum vertical range 13,426 yd 


9. Ground firing table data. 


FT 90AA-B-3, FT 90-C-3, and FT 90-F-1. 
3 Guns, 90-mm, М1, M1A1, M2, M3 and M26 on АА Mounts, Gun Motor Carriages, or Tanks. 
. Twist of rifling: 1/32. 
Muzzle Velocity: 270% fps 
Fuzes: PD, M48, М.ЗА1, M48A2 and М51А4; ТСО, M54: and CP, M78 (except as noted, the data 


in this paragraph do not pertain to the CP fuze). 
OCM items 18698 and 18930 recommended and approved authorization of the HE Shell M71 with 


the PD Fuze M48 for use with the 90-mm Gun М1 on a self-propelled mount. 
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SECTION V 
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10. Fragmentatios. The data on fragmentation of the 90-mm HE Shell M71 were tz .en trom TM9-.9C7, 
"Bellistic Date, Perfo! mance of Ammunition" (Sep 1944) and Vol. ПІ of "Terminal Ballistic Lata” (Sep 1945). 
The initial fragment velocity is 2900 fps. 

а. Casualties. 


: TABLE 46 
CASUALTIES 
Average For the lightest 
3 Distance Total numbe, number of effective fragment 
р from burst of effective effective frag- Weight ^ Velccity 
3 (it) fragments ments per sq ft (oz) (fps) 
3 г М В ти у ‚ 
20 668 0.133 0.015 1990 
Зи 594 0.0525 0.022 1640 
: 40 547 0.0272 0.228 1460 
1 60 474 0.0105 0.041 1210 
89 427 0.0053 0.055 1240 
100 398 6.0032 0.067 943 
150 347 0.0012 0.094 796 
290 319 7.0006 0.120 705 
i 300 264 0.0002 0.180 275 
| 500 208 0.0001 0.340 218 
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b. Perforation of 1/8-inch Mild Steel. 


TABLE 47 
PERFORATION OF 1/8 IN. MILD STEEL 
Distance Total number Average _For the lightest 
from burst of effective number of effective fragment 
(ft) fragments effective frag- Weight Velocity 
ments рег sqft (02) (fps) 
r N B m у 
20 424 0.0844 0.057 2,270 
30 380 0.0336 0.075 2,080 
40 345 0.0172 0.095 1,920 
60 288 0.0064 0.147 1,710 
2 80 243 0.0030 0.210 1,500 
o 100 222 0.0018 0.287 1,370 
: 120 203 0.0011 0.377 1,260 
3 150 163 0.0006 0.519 1,150 
1 200 113 0.0002 0.772 1,040 
275 59 0.0C01 1.16 935 
17 
је 
° 
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PERFORATION OF 1/8-INCH MILD STEEL 
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11. Effectiveness. The following data were taken from Vol. Ш of "Terminal Ballistic Data", They 
pertain to the 90-mm HE Shell M71 with an MT, PD or TSQ Fuze, fired at a muzzle velocity of 2700 ips. 


NUMBER OF ROUNDS REQUIRED AGAINST ENEMY ARTILLERY FOR 90% 
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE 


Range Type of Fire 
yd Impact Time Time and impact 
2,000 3 260 7 
5,000 42 360 68 
10,000 770 1400 739 


12. Ricochet Data. The following data were taken from Vol. III of "Terminal Ballistic Data", They 
pertain to the 90-mm HE Shell M71 with tne PD Fuze M48 set for 0.05 sec delay, fired at a muzzle velocity 
of 2790 fos (the PD Fuzes M48A1, M48A2 апа M5144 have 0.15 sec delay). 


TABLE 76 


PE in 
Range Angle of Angle of Impact Height Height 
Fal Recovery to Burst of Burst of Burst 


i уа mils ^ mils yd ft & 
3 , -t 

2,000 17 30 36 3 1 

3,000 3с 50 32 5 1 

4,000 47 75 28 6 1 

3 5,000 69 105 23 7 1 

= 6,000 98 140 19 8 2 

үз 7,000 136 180 15 8 2 

8,000 187 230 12 8 2 

Я 9,000 249 270 9 8 2 

10,000 | 314 300 7 6 2 


13. Penetration. Тпе data on penetration of concrete by the HE Shell M71 with Не CP Fuze M78, 
fired at a muzzle velocity of 2700 fps, were taken from TM 9-1907, "Ballistic Data, Performance of Am- 


munition". The data on penetration into medium earth and logs by the HE Shell M71 with any DP or СР 


Fuze, fired at a muzzle velocity of 2100 fps, were taken from Vol. III of "Terminal Ballistic Data". 
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SECTION I 

GENERAL 

Paragraph 
2. Sus E e eee ی‎ Q "RR ан 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 


mation regarding the shape, dynamics, ballistics, and effects of Ше 90-mm Armor-piercing Shot M77 with 


Tracer. This information ts co:lected from the drawings, reports, and tiring tables pertaining to this am- 
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Physical characteristics - - - - 
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2. Drawings. 
Shot: Metal parts assembly and details 78-18-14 


3. Dimensions. 


» Band: Distance from hase 0.282 са: 
Width 0,336 са! 

Cylindricalhody: Length 5.951 cal 

Ogive: Length 6.529 cal 

Radius of arc 1.496 cal 

Shot: Tota) lengih 2,780 cal 


4. Physical characteristics. 


Weight (standard, 23.40 Ib 
Base to center of gravity* 1.22 cal 2 
Axial тоте of inertia* 34.6 Ба 
Transverce moment of inertia* 152 1b.in? 


*Estimated on the basis of measurements of the 37-mm AP Shot M80. 


SECTION Ш 
INTERIOR BALLISTIC DATA 


Theoretical yaw inbore- = ~ - - + ~ + ~ - - < = = = = = = -“ — 5 
$. Theoretical yaw in bore. 


Miniraum 3.0 min 
Maximum 5.5 min 
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SECTION IV 
EXTERIOR BALLISTIC DATA 


Paragraph 
Aercayuamic data - - - ----------------.-.-.-.-.-..-- 6 
Firing table фа а = ----------------..-.-.--.-.-.-.-.-- q 


6. Aerodmamic dats. 

а. Озар. The form factor relative to Projectile Туре 1, determined from resistance firings, 13 1.19. 
The corresponding ballistic coefficient is 1.564 on the с, drag function. Тһе drag coefficient 1$ С.256 аба 
velocity of 2700 fps. 

b, Stability. No stability firings have been done with this projectile. The stability factor, estimated 
from that of the 37-mm Armor-piercing Shot M80 (Ballistic Research Laboratory Report 438), at a muzzle 
velocity of 2700 fps and a twist of rifling of one turn in 32 calibers, is 6.4. 

7. Firing table data. FT 90-D-2 (Abridged). 


Guns, 90-mm, М1, МЈА1, M2, МЗ and M26. 
Twist of rifling: 1/32. 
Muzzle velocity: 2700 fps. 


This Shot was standardized by ОСМ item 17528; its designation was changed from Semi-armor- 
piercing to Armor -pieréing by ОСМ item 17699, 
a, Form fastor (Proj Туре 1). i, = 1.19. 


1 
h, Ballistic coefficient ‘Proj Туре 1). С, = 1.564. 
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EFFECT DATA 
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Penetration = ------------------ ------------ 8 


8. Penetration. 


rT ggg TTT ggg сале P 


Homogeneous Plate Ballistic Limit Number 
Thickness Brinnell Obliquity in » 
inches Number degrees Type ips Average 
270 0 Army 1166 2 


3 
4 0 Army 1679 2 
4 


0 Navy 1763 2 
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SECTION 1 
GENERAL 
Paragraph 
Purpose ~ < - - -----------------.-.-.-.-.-.-.-.-.--- 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 


mation regarding the shape, dynamics, ballistics, and effects of the 90-mm Armor-piercing Capped Pro- 
jectile M82 with the Base Detonating Fuze M68, which contains a tracer composition. This information is 
collected from the drawings, reports, firing tables, and technical manuals pertaining to this ammunition, 
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1 CAL = 3.543" 


ALL DIMENSIONS IN CALIBERS 


——-1.517 


BALLISTIC AND ENGINEERING DATA 


PROJECTILE, АРС, 90-MM, M82 
FUZE, BD, M68 
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SECTION П 
DESCRIPTION 
Paragraph 

Ë Drawings = - -------------------------.-.-..-- 2 

Dimensions = = < ------------.--..-.-.-.--.--..-.-.-..- 3 

Physical characteristics < - ~ - + = +--+ - < - =< = = = < = ~ ~ = + + < 1 


2. Drawings. | 
Projectile: Metal parts assembly 75-18-46 


Detaiis 75-18-47 

Detaiis 75-18-51 

Fuze: Assembly 73-2-181 
Details 73-2-182 


3. Dimensions. 


Fuze: Length (outside) 0.178 cal 
Band: Distance from base 0.278 cal 
Width 0.358 cal 

Body: Cylindrical length: 1.017 cal 
Ogival length (cuts'de) 0.124 cal 
Radius of ogival are 1.298 cal 

Cap: Length (outside) 0.651 cal 
Windshield: Length 1.546 cal 
Radius of ogival arc 9.015 cal 

Length: Ogive 2.721 cal 
Projectile without fuze 4.338 cal 
projectile and fuze 4,516 cal 
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4. Physical characteristics. 


Weight (standard) 24.11 10 
| Вазе to center of gravity* 1.145 cal 2 
4 Axial moment of inertia* 35.9 1.іп 
4 Transverse moment of inertia* 198 16.412 
* Estimated on the basis of measurements of the 3-Inch Armor-piercing Capped Projectile M62 with 
Base Detonating Риге M66A1. 


SECTION Ш 
INTERIOR BALLISTIC DATA 


Paragraph 
3 Theoretical yaw in bore ~ - ----------------------- 5 
Е 5. Theoretical узлу іл bore. 
Minimum i min 
Maximum 7 min 
SECTION IV 
ie EXTERIOR BALLISTIC DATA 
3 Paragraph 
Aerodynamicdata + - - - - + +e - - - + + - - + - ----------- 6 
Firing table data зато зет cm Gm ce m m Om ea SUS cm - = = 7 


6. Aerodyaamic data. 
а. Drag. А form factor of 0.90 relative to the Z 6 drag function was determined from resistance 


firings at velocities from 2000 to 2660 ips. The corresponding ballistic coefficient is 2.134. The drag coef- 
қ ficient is 0.135 at 2000 fps and 0.108 at the standard muzzle velocity of 2670 fps. 


ИХ 
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b. Stability. No stability firings have been done with the 90-mm АРС Projectile M82. The stability 
factor, estimated from that of the 3- inch Armor-piercing Capped Projectile M62 with Base Detonating Fuze 
M68A1 at a muzzle velocity of 2600 fps (Ballistic Research Laboratory Report 427), for a twist of rifling of 
one turn in 32 calibers is 1.58. 

7. Firing table data. FT 90-F-1 


Guns, 90-mm, M1, M1A1, M2, M3 and M26. 
Twist of rifling: 1/32. 
Muzzle velocity: 2670 fps and 2800 fps. Projective Weight: 24,06 lb 


Standardization of the APC Projectile M62 with the BD Fuze M68 wes recommended by OCM item 


18386 and approved by OCM item 18496. 
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3 SECTION V 
: EFFECT DATA 
Paragraph 
Penetration - - ~ - - + - - - - - ~ + - - - - - mn - - - - ----- - 8 


8. Penetration. 
а. Ballistic Limits of Armor Plate. 


Plate Ballistic Limit Number 
Thickness Obliquity in 
В Туре inches degrees Type _fps Average 
š Face 
3 Hardened 3 20 Navy 1770 2 
Е Homogeneous 1.5 55 Navy 1775 1 
г 2.5 45 Кауу 1981 1 
2.5 55 Кауу 2504 1 
3 45 Navy 2519 3 
Е b. Vulnerability of German Tanks (Panzerkampfwagen) 
+ Muzzle Velocity: 2070 fps. These data were taken from TM9-1907, "Ballistic Data, Performance of 


Ammunition". 
Maximum Vulnerable Range - yards 
Tank Model 


Frontal | Turret Sides 
Turret Rear 
Turret Front 
Upper Hull Front 
Lower Hull Front 


Turret Sides 
Turret Rear 
Turret Front 
Upper Hull Rear 
Lower Hull Rear 


Flank Turret Sides 
Turret Rear 
Turret Front 
Upper Hull Sides 
Lower Hull Sides 


*Not vulnerable. 
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~ Handbook of Ballistic and Aberdeen Proving Ground, 
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- BALLISTIC AND ENGINEERING DATA 


for 
3 Shot, HVAP, 90-mm, M304 
г with 
Тгасег 
3 Section Paragraph 
1 I General --------------------- 1 
II Description ------------------ 2-4 
їп Interior ballistic data --------- 5 
`` IV Exterior ballistic data -------- 6-7 
Е У Effect data ------------------- 8 
SECTION I 
1 GENERAL 
; Paragraph 
Purpose = - - - - - - - < - - - + = -- ----- - - - - - + = 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics, and effects of the 90-mm High Velocity Armor -piercing 
Shot M304 with Tracer. This information is collected from the drawings, reports, firing tables, and 
technical manuals pertaining to this ammunition. 
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SECTION II 
DESCRIPTION 
Paragraph 
Drawings - = ------------------------.-.-.-.-- 2 
Dimensions = - - ---------------------.-.-.-.-.-- 3 
Physical characteristics- = - - - - ~ - - - - = = = = = -- - = = - < - - 4 
2. Drawings. 
Metal parts assembiy 75-2-375 
Details 75-2-376 
Details 75-2-377 
3. Dimensions. 
Band: Distance {гот базе 0.28 cal 
Width 0.34 cal 
Cylindrical parts: Bourrelet ring 0.17 cal 
Body and ring 0.92 cal 
Base 0.84 cal 
Base, body and ring 1.76 cal 
Windshield: Length 1.95 cal 
Radius of ogival arc 0.71 cal 
Conical angle 28°41! 
Shot: Length 3.71 cal 


4. Physical characteristics. The position of the center of gravity and the moments of inertia 
tabulated below pertain to {he HVAP Shot Т30Е15, which is slightly different from the УАР Shot M304 


‘T30E16). 
Weight (Standard) 16.80 ib 
Base to center of gravity 1.168 cal 
Axial moment of inertia 20.01 15. 
Transverse moment of inertia 93.89 1b.in? 
3 
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SECTION HI 
INTERIOR BALLISTIC DATA 


Paragraph 
Theoretical yaw іп bore = - - - + - - - - ~ - - - - - - - - - - - - + - - 5 
5. Theoretical yaw in bore. 
Minimum 3.3 min 
Max.mum 6.1 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data - = - - - - - - - - - - - - - - ~ - ~ - - - - - - - - 6 
Firing table data = - - - - - - - - - - - - - - - - - - - - - ~ - - - - 7 


6. Aerodynamic data. 

a. Drag. А form factor of 1.16 relative to the Gg drag function was determined from time-of-flight 
firings to a vertical target at г range of 1500 yards. The ballistic coefficient is 1.15. The drag ccefficient 
is 0.113 at the average muzzle velocity of 3262 fps obtained in these firings, and 0.111 at the standard muzzle 


velocity of 3350 fps. 


b. Stability. Ballistic Research Laboratory Memorandum Report 3470 gives the following results 


obtained wi the HVAP Shot T30E15, whith is slightly different from the HVAP Slot M304 (T30E16): 


Velocity 3325 fps 
Twist of rifling 1/52 
Stability factor 1.7 
Moment coefficient 1.9 


7. Firing table data. FT 90-F-1 


Guns, 90-101, Ма, МАТ, M2, МЗ and M26. 
Twirt of rfling 1/22. 

Muzzle veiocity. 3350 fps. 

Projectile Weight: 16.7 lb. 


Standardization of the HV AP Shot M304 was recommended by ССМ item 28147 and approved by 
OCM item 28461. 


a. Form Factor (Proj Type 7): 17 = 1.475. 


b. Ballistic Coefficient (Proj Туре 7): Cy = 1.199. 
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BALLISTIC AND ENGINEERING DATA 
for 
Shell, НЕ, 105-mm, М1 
witn 
Fuzes, PD, М4%А2 and M51A4; TSQ, М5523; аға CP, 1478 


Section Paragraph 
I General --------4------------ 1 
ni Description -----------------. 2-4 
In Interior ballistic data --------- 5-6 
IV Exterior ballistie data -------- 7-8 
V Effect data ------------------- 9-12 
SECTION 1 
GENERAL 
Paragraph 
Purpose ~ ----------------.--................ 1 


1. Purpose. The purpose of this number of the handbook is to furnish a concise ccllection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 105-mm High Explosive Shell M1 with 
the Point Detonating Fuze M48A2 or M51A4, the Time and Superquick Fuze M$5A3, or the Concrete-piercing 


Fuze M78. This information is collected from the drawings, reports, firing tables, and technical manuals 


pertaining to this ammunition, 
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ALL DIMENSIONS IN CALIBERS 
| CAL. = 4.134 IN 


SHELL, HE, 105-ММ, MI 
FUZE, РО, M48A2 OR MSIA4, OR T SQ, М55АЗ 


сло ai 019 pum 1.44 | 
—.84 2.08 


SHELL,HE,l05-MM,MI 
FUZE, CP, M78 
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FOR SHELL, НЕ, 105-MM, MI 


SECTION П 
DESCRIPTION 
Drawings ~ - ----------------..-...-.......-- 
Dimensions - = = = ------------ нн - ~ - + - 
Physical characteristics - - = = -= - + -- ~ - - - + - ~ - ~ ~ ~ - ~ - 
2. Drawings. 


Shell: Metal parts shipping assembly, marking 
diagram and details 

Booster, M20A1: Assembly and details 

Booster, M21A4: Assembly 

Fuze, PD, M48A2: Assembly 

Fuze, PD, М51А4: Assembly 

Tuze, TSQ, M54: Assembly 

Fuze, TSQ, M55A3: Assembly 

Fuze, CP, M78: Assembly and details 


75-4-75 

73-2-112 
73-2-154 
73-2-140 
73-2-145 
73-3-154 
13-3-155 
73-2-214 


Paragraph 


BRLH 105.1.1 
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Note: The PD fuzes require one of the boosters. The TSQ Fuze М55А3 ts the 1454 Fuze with th- 


М21А4 booster. The CP fuze contains the working parts of the boosters. 


3. Dimensions. 


Boattail: Angle 
Length 


Band: Distance from boattail 
Distance from base 
Width 


Cylindrical body: Length 


Ogive: Length 
Radius of arc 


Sheli, unfuzed: Length 


Fuze, PD, M48A2 or M51A4, ог TSQ, M55A3: 
Outside length 
Ogive and fuze 
Shell and fuze 


Fuze, CP, M78: 
Outside length 
Radius of arc 
Ogive and fuze 
Shell and fuze 


9°00! 
0.49 cal 
0.25 cal 


0.74 cal 
0.19 cal 


1.84 cal 


1.44 cal 
6.17 cal 


3.77 cal 


0.305 cal 
2.345 cal 
4.675 cal 


0.64 cal 
1.935 cal 
2.08 cal 
4.41 cal 


BRLH 105-1-1 
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4. Physical characteristics. 


Mean Weight 
lb 
Marking 


Stresses 
Theoretical yaw in bore 


(B) the front of the band seat. 


Howitzers 

Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle Velocity 

Density of filler (TNT) 


Resultant Stress* 
100 psi 


Longitudinal 
Radial 
Tangential 


ж + denotes tension, 


to 30,000 psi (OCM item 17972) 


Fuze m ча onn 
TSQ М55 32.4 33.0 33.6 
Dummy M$9 32.4 33.0 33.6 
CP M78 33.0 33.6 34,2 


BALLISTIC AND ENGINEERING DATA 


Base to . 
Center of V Inertia 
Gravity - 
cal Axial Transverse 
1.739 0.554 5.345 
1.749 0.5506 5.399 


Note: The physical characteristics with all modifications of the PD and TSQ fuzes are approximately 
the same as with the TSQ Fuze M55. The Dummy Fuze M59 has the same contour as the TSQ Fuze M55. 


Paragraph 


5. Stresses. The following table and the graphica! representation on page 5 show the longitudinal, 
radial and tangential resultant stresses at each of two sections: (А) Ше rear corner of the band seat and 


M2A1, M3, M4 
1/20 

13.65 sq in. 
28,000 psi** 
33.00 1b 

1550 fps 

0.057 1b per cu in. 


Section 


А 


-101 
+300 
-603 


В 


-320 
- 89 
+400 
- denotes compression. 


** Since these stresses were calculated, the rated maximum pressure has been increased 
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SECTION 
А 
-603 
+300 
-101 -3 
-89 
+400 


& 


€ AXES OF RESULTANT STRESS 


DIAGRAM OF RESULTANT STRESSES 
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6. Theoretical yaw in bore. 


Minimum 2.7 min 
Maximum 5.0 min 
d SECTION ТУ 


EXTERIOR BALLISTIC DATA 


F Paragraph 
3 Aerodynamic data < ~ -----------------..----.-.-.-.- 7 
Firing table data = ---------------------...-.-.-- 8 


7. Aerodynamic data. 

a. Drag. The graph of drag coefficient vs. Mach number (p. 7) was determined by resistance fh ings 
of the HE Shell M1 with the PD Fuze M48. The graph of drag coefficient vs. yaw (p. 8) was determined by 
measurements of a wooden model of the same projectile, made by the Bureau of Standards in an air stream 
with a speed of 45 fps. The form factor of the НЕ Shell М1 with the CP Fuze M78, determined by resistance 
firings, is 0.93 relative to Gs at a velocity of 1519 fps; the corresponding drag coefficient is 0.161. 

b. Stability. The graph of moment coefficient vs. yaw (p. 9) was determined by measurements of a 
wooden model of the HE Shell M1 with the PD Fuze M48, made by the Bureau of Standards in an air siream 
with a speed of 45 fps. The data tabulated below were determined by stability firings of the HE Shell M1 
with the Dummy Fuze M59, fired from the 105-mm Howitzer M2A1 (see BRL Memorandum Report Чо. 265, 
"Stability of 105-mm HE Shell М1"), and with the TSQ Fuze M55, fired from the 105-mm АА Gun T4. 


Fuze Dummy М59 TSQ M55 

Muzzle Velocity 1550 fps 2675 fps 
Moment coef. Км 1.41 1.28 
Twist of rifling 1/20 1/30 
Stability factor 2.69 1.35 


c. Drift. FT 125-H-3 and FT 105-L-2 give the drift for the 105-mm howitzers firing the HE Shell 
Mi with РР and TSQ fuzes. The graph of cross wind force coefficient vs. yaw (p.10) was determined by 
ragasurements of a wooden model # the shell with PD fuze, made by ће Pureau of Standards in an air 


stream with a speed of 45 fps. 
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8. Firing table data. 

FT 105-H-3 with C8 contains data for 105-mm Howitzer M2A1 on Carriage М2, firing HE Shell 
М1 with PD and TSQ fuzes, and FT 105-L-2 with СА, for 105-mm Howitzer МЗ on Carriage МЗ, firing HE 
Shell M1 with PD and TSQ fuzes. ЕТ 105-H-3 is also applicable to the 105-mm Howitzer M2A1 on Carriage 
M2A2 or Motor Carriage M7 or M7B1, and the Howitzer M4 in Medium Tank M4 or МААЗ or Motor Car- 
riage T76, providing the corrections listed in C8 be applied to the elevation and drift. These tables may 
be used for the HE Shell M1 with the CP Fuze M78 providing corrections be made for weight and air re- 
Sistance: the weight of the shell with the CP fuze is greater than that of one with the PD fuze with the same 
marking by the amount indicated by a difference of one square; the increase in air resistance is equiv’ ient 
to one percent increase in air density. 

The twist of rifling of all these howitzers is 1/20. 

The semi-fixed rounds are assembled with charges to give the following muzzle velocities: 


Charge Howitzer М2А1 or М4 Howitzer M3 
Round for How Round for 
No. M2A1 M3 How M3 
1 650 695 650 
2 710 755 710 
3 780 я 825 780 
4 875 925 875 
5 1020 1080 1020 
6 1235 
7 1550 


OCM item 11871 approved the recommendation by item 11820 that the HE Shell М1 be standardized 
for the 105-mm Howitzer M2 (later superseded by M2A1). OCM item 19910 approved the recommendations 
by item 19684 that the 105-mm Howitzer M3 and Carriage M3 be standardized, and that the HE Shell M1 with 
PD Fuze M48A1 be assembled as a semi-fixed round capable of being fired in this howitzer at the first five 
zone velocities of the M2A1 Howitzer. OCM item 23702 approved the recommendations by item 23189 that 
the semi-fixed round for the M3 Howitzer be made substitute standard for the M2 and M2A1 Howitzers, and 
that the round for the M2 and M2A1 Howitzers be not used in the M3 Howitzer except under conditions of 


extreme emergency, in which event only charges 1, 2 and 3 may be use}. ОСМ item 22131 approved the 


recommendation of item 21868 that the 105-mm Howitzer M4 be standardized for use in the Medium Tank 
M4 or M4A3 (the ballistics of this howitzer are the same as those of the М2А1 Howitzer). 
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9 
SECTION V 
EFFECT DATA 
Paragraph 
М Fragmentation - - - - --------------...........- 9 
Effectiveress - - - - ------------.-............- 10 
Ricochet data = - ----------------.-.........-. 11 
Penetration ~ = - ------------.-.-.--....-....-- 12 


9. Fragmentation. The data on fragmentation of the 105-mm HE Shell М1 were taken from TM9-1907 
"Ballistic Data, Performance of Ammunition" (Sep 1944) and Vol. III of “Terminal Bellistic Data" (Sep 1945). 
The initial fragment velocity is 3500 fps. 

а. Casualties. 


TABLE 48 
CASUALTIES 
Distance Total number Average For the lightest 
from burst сі effective number of effective fragment 
(£t) fragments effective frag- Weight ` Velocity 
ments per sqft (oz) (fps) 
r N B m у 
20 1,160 0.231 0.010 2,440 
30 1,115 0.9886 0.014 2,060 
40 1,072 0.0533 0.019 1,770 
60 996 0.0220 0.030 1,410 
80 932 0.0220 0.030 1,410 
100 875 0.0670 0.055 1,040 
150 745 0,0026 0.083 846 
| 200 642 0.0013 0.109 738 
= 300 513 0.0004 0.166 598 
400 423 0.0002 0.232 507 


500 358 0.0003 0.312 438 
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b. Perforaiion of 1/8-inch Mild Steel. 


TABLE 49 
РЕВЕОКАТЮМ OF 1/8 IN. MILD STEEL К 


ААА ЧЫ 


| Distance Total number Average For the lightest 
from burst of effective number of effective fragment 
(ft) fragments effective frag- Weight Velocity 
ments per sq ft (oz) (fps) 
r N B m у 
20 975 0.194 C.035 8,700 
30 923 0.0816 0.047 2,430 
40 853 0.0424 0.061 2,220 
60 706 0.0155 0.095 1,920 
80 570 0.0071 0.137 1,750 
> 190 470 0.0037 0.192 1,550 
120 403 0.0022 0.255 1,420 
140 341 0.0014 0.326 1,320 
170 262 0.0007 0.448 1,200 
200 210 0.0004 0.580 1,120 
300 88 0.0001 1.05 955 
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PERFORATION OF 1/8-ІМОН MILD STEEL 
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| PERFORATION OF 1/8-ІМСН MILD STEEL 
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10. Effectiveness. The following data were taken from Vol. Ш of "Terminal Ballistic Data". They 
pertain to the 105-mm НЕ Sheli Mi with a PD or TSQ Fuze. 
NUMBER OF ROUNDS REQUIRED AGAINST ENEMY ARTILLERY FOR 90% 
PROBABILITY OF AT LEAST ONE EFFECTIVE HIT IN AIMED FIRE 


MV Range Type of Fire 
fps. уд Impact Time Time and Impact 


1020 2000 24 250 41 
$000 460 820 430 
1550 2000 6 270 13 
5000 91 450 130 


11. Ricochet Data. The following data were taken from Vol. Ш of "Termina! Ballistic Data", They 
pertain to the 105-mm HE Shell М1 with the PD Fuzes M48A2 and M51A4, which have 0.15-sec delay. 
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РОК SHELL, HE, 105-ММ, Mi 


ӘНІН 105.1.1 
11-12 


TABLE 77 
PE in 
Range Angle of Angle of Impact Height Height 
Fall Recovery tc Burst of Burst of Burst 
yd miis mis yá © > 
Charge I 
МУ 650 fps 1,000 126 170 24 12 2 
2,000 272 285 15 13 3 
Charge 2 
МУ 710 fps 1,000 104 145 27 12 2 
2,000 226 260 19 15 3 
3,000 376 315 10 19 3 
Charge 3 
MV 780 fps 1,000 87 125 31 12 2 
2,000 188 230 23 16 3 
3,000 304 295 15 14 3 
Charge 4 
МУ 875 fps 1,000 бе 105 36 11 2 
2,000 147 195 29 17 3 
3,000 237 265 21 17 4 
Е 4,000 343 305 14 13 3 
Charge 
MV 1,020 fps 1,000 51 80 44 10 2 
2,000 109 155 37 17 "S 
3,000 174 220 30 20 4 
4,000 247 270 23 19 4 
5,000 331 305 17 15 4 
6,000 430 315 10 9 3 
Charge 6 
МУ 1,235 fps 1,000 39 65 51 10 2 
2,000 86 125 43 17 3 
3,000 138 185 36 20 4 
4,000 198 235 30 21 4 
5,000 265 280 24 20 4 
6,000 339 305 17 16 4 
7,000 422 315 10 10 4 
Charge 7 
МУ 1,500 fps 1,000 25 45 65 8 2 
2,000 60 95 54 15 3 
3,000 104 145 44 19 4 
4,000 156 200 37 22 4 
5,000 214 250 29 22 5 
6,000 278 285 23 20 5 
7,000 348 310 17 16 4 
8,000 423 315 10 10 4 


12. Penetration. The data on penetration of concrete by the HE Shell М1 with the CP Fuze M78 were 


taken from TM9-1907, "Ballistic Data, Performance of Ammunition". 
earth and logs by the HE Shell Mi with any DP or CP fuze were taken from Vcl. III of "Terminal Ballistic 


Data". 
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Aberdeen Proving Ground, 
Maryland. 
15 February 1949 
BALLISTIC AND ENGINEERING DATA 
for 
Shell, НЕ, 105-mm, T12 
with 


Fuze, MT, M61A1 


Section Paragraphs 

I General ----------- --------- 1 

H Description ----------------- 2-4 

ш Interior ballistic data -------- 5 

IV Exterior ballistic data-------- e 
SECTION I 
GENERAL 

Paragraph 
Purpose- - - -----------------.-.-.-.-.-.--.-.-.-.-.- 1 


1. Purpose. Тһе purpose 


of this number of the handbook is to furnish a concise collection of infor- 


mation regarding the shape, dynamics and allistics of the 105-mm High Explosive Shell T12 with the Me- 


chanical Time Fuze ME1A1. This 
taining to this ammunition. 


information is collected from the drawings, reports and firing tables per- 
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FOR SHELL, НЕ, 105-MM, T12 


SECTION П 
DESCRIPTION 
Paragraph 
Drawings = - --- + - -- -- ---- - ~ - + - ~ - - - - - - 2 
Dimensions = = - - - ------------.-...........-.-. 8 
Physical characteristics = + - ---------.-..........- 4 
2. Drawings. 
Shell: Metal parts assembly and details GA 2127 
Fuze: Assembly 73-7-71 
Details 73-7-72, 
74,75,76 
8. Dimensions. 
Boattail: Angle 7°00" 
Length 0.455 cal 
Band: Width 0.343 cal 
Distance from base 0.709 cal 
Distance from boattail 0.254 cal 
Cylindrical body: Length 1.925 cal 
Ogive: Length 1.221 cal 
Radius of arc 10.159 cal 
Fuze: Outside length 1.857 cal 
Length: Shell 2.601 cal 
Shell and fuze 5.458 cal 
Ogive and fuze 3.078 cal 
4. Physical characteristics. 
Mean weight 38 lb 
SECTION Ш 
INTERIOR BALLISTIC DATA 
Paragraph 
Theoreticalyawinbore- - - ---------.--..-........-- 5 
5. Theoretical yaw in bore. 
Minimum 2.7 min 
Maximum 5.0 min 
3 


ркы сые EE FOSI FT друса 


BRLH 105.1-712 
2-5 


TON ERATOR р кост Q Y INE > Tov: Cages tuo 


BRLH 105-1-T12 | BAS LISTIC AND ENGINEERING DATA 
6 


SECTION IV 
EXTERIOR BALLISTIC DATA 


Рагазгара 
Cam data + -------е-----------.-........-...-.. 6 


6. Cam да а. 


Gun, 105-mm, T4 on antiaircraft тосап. 
Twist of riflirg: 1/30, 

4 Muzzle velocity: 3000 трг. 

15 Projectile weight: 28%. 


а. Form factor (Proj Type 2): 1; = 0.882. 


b. Ballistic соей леш (Proj Type 2): C, = 2.52. 
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Ballistic Research Laboratories Ballistic Research Lab. 
Handbook of Ballistic and Aberdeen Proving Ground. 
Engineering Data for Ammunition, Maryland 

No, 105-1-67 14 February 1949 


BALLISTIC AND ENGINEERING DATA 


for 
Shell, HEAT, 105-mm, M67 
with 
Fuze, BD, M62 
Section Paragraphs 
I Селега!---------------------- 1 
Hi Description ------------------ 2-4 
RI Interior ballistic data --------- 5 -6 
IV Exterior ballistic data -------- 7-8 
У Effect data ------------------- 9 
SECTION 1 
GENERAL 
Paragraph 
Purpose ~ - ------------------.-.-.-.-.-.-.-.-.-.-.-- 1 


1. Purpose. The purpose of this number of the handbook 15 to furnish a concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 105-mm High Expiosive Antitank Shell 
M67 with the Base Detonating Fuze M62. This information is collected from the drawings, reports, and 
firing tables pertaining to this ammunition. 


SECTION П 
DESCRIPTION 
Paragraph 
Drawings ~ + + + - + ~ - - ----------.-.-.--.-.-.-....-.-.- 2 
Dimensions ~ + - --------------------..-.-...-.-- 3 


Physical characteristics = = ~ -----------------...-.-- 4 
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FOR SHELL, HEAT, 105-ММ, M67 


2. Drawings. 


Sheli: Assembly 

Metal parts details 

Ogive and unibn assembly 
Fuze: Assembly 

Details 

Details 

Details 


3. Dimensions. 


Boattail: Angle 
Length 


Band: Distance from boattail 
Distance from base 
Width 


Body: Length of cylindrical part 
Тег, АВ of ogival part 
Radius of arc 


Union: Length 


Ogive: Length 
Angle 


Length: Body 
Ogive and union 
Shell 
Ogive, union and ogival part of body 


NOTE: Fuze is entirely inside of sheil body. 


4. Physical characteristics. 


Weight (standard) 

Base to center of gravity 
Axis) ~“ ment of inertia 
Tram se moment of inertia 


BRLH 105-167 
2-4 


75-14-352 
75-4-106 
75-4-107 
73-2-168 
73-2-169 
73-2-170 
73-2-171 


6.17 cal 
0.14 cal 


1.86 cal 
21°30! 

2.67 cal 
2.00 cal 
4.67 cal 
2.34 cal 


29.29 15 
1.497 cal 
0.515 15.8 
4.18 1.42 
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SECTIONS 
A 8 с 
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$ AXES OF RESULTANT STRESSES 
3.2 
a DIAGRAM OF RESULTANT STRESSES 
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SECTION Ш 
INTERIOR BALLISTIC DATA 


Stresses - - - - ----------------- 
Theoretical yaw in Боге - ~ ----------- 


Paragraph 


5. Stresses. The following table and the graphical representation on page 4 show the longitudinal, 


radial and tangential resultant stresses at each of three sections: (A) the rear corner of the band seat, 
(B) the front of the band seat, and (C) immediately behind the bourrelet. 


Howitzer 

Twist of rifling 
Cross-sectional area of bore 
Rated maximum pressure 
Total weight of projectile 
Muzzle Velocity 

Density of filler (pentolite) 


Resultant Stress* 


100 psi 


Longitudinal 
Radial 
Tangential 


* + denotes tension, 


6. Theoretical yaw in bore. 


105-mm M2 

1/20 

13.65 sq in. 

30,000 psi 

29.29 1b 

1250 fps 

0.0574 lb per cu in. 


SECTION 
B 
-415 -266 
0 + 23 
+342 +198 


- denotes compression. 


Minimum 2.7 min 
Maximum 5.0 min 
SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragraph 
Aerodynamic data - - - - - - - - ~ - - - - ~ - - - ----- - - - - - - 7 
Firing table data = = - - - - - - - - - +----------------< 8 
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Т. Aerodynamic data. 

а. Drag. A form factor of 1.26 relative to the G, drag function was determined from resistance 
firings at 1250 fps with short coil distances. Later, more accurate measurements were made, ard a form 
factor of 1.06 determined by resistance firings at both 1020 and 1250 fps. This value has been confirmed 
by comparative firings with the HEAT Shell M67 and the HE Shell М1 against a vertical target at a muzzle 
velocity of 1020 fps. For Ше standard weight of 29.29 lb, the ballistic coefficient is 1.62 on Со: The drag 


coefficient is tabulated below. 


Velocity Drag Coetficient 


fps K 
1020 .0785 
1250 2170 


b. Stability. The stability factor of the HEAT Shell M67 has not been determined. However, it 
Should be approximately the same as that of the 75-mm HEAT Shell M66, which is about 2.07 for a twist 
of rifling of 1/20 at a muzzle velocity of 1000 fps. 


8. Firing table data. 


Howitzer Firing MV Weight Twist of 


105-mm Table з № Rifling 
M2Al 105-Н-3,С8 1250 288 1/20 
M3 105-L-1 1020 28.8 1/20 


The terminal velocity was taken from Ballistic Research Laboratory Memorandum Report 296, 
"Tables of Impact Velocities for Mobile Artillery Weapons". The HEAT Shell M67 was standardized by 
OCM item 17639. 
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9. Penetration. The average penetration into homogonecus armor plate is 4.5 inches. 
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SECTION 1 
GENERAL 

Paragraphs 
Purpose - - --------2-.----.---.-.-..-...-....-.-- 1 


1. Purpose. "ће purpose of this number of the handbook is to furnish а concise collection of infor- 
mation regarding the shape, dynamics, ballistics and effects of the 105-mm Illuminating Shell M314 with 
the ‘Time and Superquick Fuze M54. This information 15 collected from the drawings, reports, firing 
tables and firing records pertaining to this ammunition. 


SECTION П 
DESCRIPTION 
Paragraph 
Drawings = -----------.----.----..-----..-..-.- 2 
Dimersios ~ - + ~ - ~ + - - - - ~ - - - -- – - ~ - - – ~ - - + ~ - - 3 
Physical characteristics - = - - - - - ~ ee - - - - - - - + - + ~ - - 4 
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2. Drawings. 

Shell: Metal parts assembly 75-4-128 
Detalls 75-4-129 

Fuze: Assembly 73-3-154 

ы 3. Dimensions. 

Band: Width 0.196 cal 
Distance from base 0.399 cal 

Воду: Length of base piece 0.145 cal 
Length of cylindrical part 2.900 cal 
Length of ogival part 0.835 cal 
Radius of ogival arc 2.782 cal 
Length of shell 3.735 cal 

Fuze: Length (outside) 0.914 cal 
Length of shell and fuze 4,649 cal 
Length of ogive and fuze 1.749 cal 

&. Physical characteristics. 

Weight (standard) 36.60 1b 

Base to center oi gravity 1.180 cal 

Axial moment of inertia 0.286 1b.ft2 

Transverse n;oment of inertia 1.416 Ib. t? 

SECTICN ni 
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Theoretical yaw іп bore = - - - - - + + ~ --- - - - = - 


5. Theoretical yaw in bore. 


Minimum 8 min 
Maximum 15 min 
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SECTION IV 
EXTERIOR BALLISTIC DATA 
Paragreph 
Aerodynamic data - - = 5 5 5 5 5 5 5 5 5 vn 7 6 
Firing table data = ------------------------...- 7 


1 8. Aerodynamic data. 
a. Drag. The following drag coefficients were computed from the ballistic coefficients tabulated 
in paragraph 6, which were determined by range firings. 


4 Velocity Kp 
3 ze 222 
3 620 .0881 
E 674 .0881 
ч 738 .0885 
3 825 .0899 
3 968 .0950 
E 1158 .1829 
3 1453 .1892 
b. Stability. 
Muzzle Velocity 1226 fps 
Moment coefficient, Км 1.37 
Twist of rifling 1/20 
Stability factor 3.60 


q. Firing table data. FT 105-H-3 (C-11) 
E 105-mm Howitzer М2А1 and M4. Twist of rifling: 1/20. 
Е ОСМ items 28809 and 29657 recommended and approved standardization of the Tiluminating Shell M314. 


a. Form Factor and Ballistic Coefficient. 
The following form factors and ballistic coefficients on the drag function Ge 1 were determined by 
range firings and are independent of elevation. 


Е Charge MV Form Ballistic 
3 No. fps Factor Coefficient 

1 620 1.050 2.007 

2 674 1.055 1.996 

3 738 1.063 1.981 

4 825 1.075 1.959 

5 958 1.101 1.914 

6 1158 1.135 1.856 

q 1453 1.097 1.920 
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SECTION V 
EFFECT DATA 
Paragraph 
Iluminsion- -- - ~ - + - - ee << - - ~ - ~ - << - - - - -- - - - - а 


8. Illumination. When the fuze functions, the candle and parachute are released. A few seconds 
later, the parachute opens and slowly lowers the candle to the ground. In the functioning tests of this am- 
munition, the candles burned from 38 to 67 Seconds, 


